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GENERAL 

INTRODUCTION 


A precise and complete definition of the word "membrane" 
is difficult to make (1) and any complete definition given to 
cover all the facets of membrane behaviour will be incomplete. 
According to Sollner (1,2) "A membrane is a phase or structure 
interposed between two phases or compartments which obstructs or 
completely prevents gross mass movement between the latter, but 
permits passage, with various degrees of restriction, of one or 
several species of particles from the one to the other or 
between the two adjacent phases or compartments, and which there- 
by acting as a physicochemical machine transform with various 
degrees of efficiency according to its nature and composition of 
the two adjacent phases or compartments". In simple terms it is 
described as a phase, usually heterogeneous, acting as a barrier 
to the flow of molecular and ionic species present in the liquids 
and /or vapours contacting the two surfaces (3). The term hetero- 
geneous has been used to indicate the internal physical structure 
and external physicochemical performance (1,4-6) from this point 
of view most membrane in general are to be considered heterogene- 
ous despite the fact that conventionally, membranes prepared from 
coherent gels have been called homogeneous (7). 

The notation of Homogeneous Vs. heterogeneous mem- 
branes proves to be an important distinction from the point of 
view of mass transport. In the dilute solution limit the friction 
coefficients for mass transport by diffusion or migration are 
interconvertible by Onsager reciprocal relations, and both can be 
related to jump distance and frequencies according to random walk 



cient ) . Although irregularly shaped membranes are conceivable, 
most theories and experiments are restricted to systems with one 
dimensional or spherical symmmetry such that transport occurs in 
one dimension , the x direction in parallel -face planar membra- 
nes or along a radius in membranes with spherical shape. 

Membranes are considered to be porous or nonporous 
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the university of Pennsylvania , Philadelphia , Pennsylvania , and 
the member of the same editorial board defined the membrane as : 
A membrane is an interphase . It has distinct physicochemical pro- 
perties and it is bounded by two surfaces , each of which joins it 
to a contiguous bulk phase . Generally it is "thin " in the sence 
that it has a large ratio of surface area to volume ; as it ' s th- 
ickness approaches moleculer dimensions the interphase becomes an 
interface . The special separative /barrier /contacting properties 
of membranes derive from the fact that an interphase can communi- 
cate simultaneously with its two adjacent phases ; this permits 
the establishment maintenance of gradient across the membrane and 
allows exchange to occur at both surfaces . 

More widely studied are the membranes of polyelectro- 


x 



during uptake of water ( 34-36) . Naf ion 120 membrane ( 37 ) for the 
efficiency of energy conversion in separatron processes following 
theories are based on irreversible thermodynamics . Similarly 
S .T .Hwang et al . ( 38 ) characterized silicon based inorganic mem- 
brane for gas separation. 

Depending on the dielectric constant and solvent 
penetration, sites are potentially, partially, or even completely 
ionized. A characteristic of electrolyte membranes is the 
presence of charged sites ( 13 , 39-41 ) . The charged sites of the 
membranes are due to the attach of cations or anions . Membranes 
without ionizable groups contain no charge sites . It is important 
to know that cellulose triacetate, which is initially site free , 
soon develops negative sites by hydrolysis and oxidation on expo- 
sure to aqueous solutions . 

The frequent use of "charged" and "uncharged" in the 
membrane literature is usually unsound electrostatically, but 
does provide an intuitive chemical description. For example, 
"charged" membrane usually refer to electrolyte membranes such as 
solid and liquid ion exchangers where the fixed and mobile sites 
are the "charges". Actually, these membranes are quasi-electro- 
neutral in their bulk when the thickness is large compared with 
the Debye thickness at each interface. Quasi-electroneutrality 
means that in any volume element large as compared with the dis- 
tance between ions , the sum of ionic charges E j L Z^^ = 0 . In the 
literature, "uncharged" membranes are those, like cellophane, with 
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no fixed charges . This frequently used litrature definition 

# 

provides no place for lipid bilayer membranes , which are electro- 
statically neutral only in the absence of charge carriers and in 
the absence of bathing solutions whose salts possess preferential 
solubility of anion over cation or vice versa, but are usually 
electrostatically charged by an excess of ions of one sign in 
normal operation. Thick hydrocarbon membranes and membranes of 
diphenyl ether (or derivatives) ,phthalate, and sebacate esters 
are generally neutral in the presence of most bathing electro- 
lytes , but may be charged electrostatically depending on thick- 
ness, in the presence of neutral carrier species which preferen- 
tially solubilize ions of one sign. The use of "charged ” and 
"uncharged" to describe electrolyte or non electrolyte membrane 
has been discouraged unless the precise electrostatic connotation 
is involved ( 7 ) . 

Membranes may be broadly classified into two classes 
that is natural and artificial „ Natural membranes are classified 
to possess a fundamental unit membrane structure which is a 
bimolecular leaflet of lipid with their polar groups oriented 
towards the two aqueous phases of the cell and protein is sup- 
posed to exist close to the polar heads of the leaflet. This type 
of the universal structure is absent in artificial membranes . 
Eisenman et al . ( 42 ) have given a classification of these mem- 

branes based on their structures . 

Unlike the classification based on membrane structure. 
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membranes are usually classified either on the basis of their 
nature , i . e . , coherent gel or otherwise or on the nature of the 
chemical reaction invloved in their formation, i.e. , addition or 
condensation reaction. The efforts of various workers have been 
directed towards : (A) preparing membranes with good chemical and 
mechanical stability and favourable electrical performance suit- 
able for fundamental transport studies and for applications in 
some industrial operations such as the treatment of brakish 
water, saline water conversion, etc . , (B) building suitable 
models to mimic the properties of natural membranes , and (C) 
preparing compos it membranes containing cationic and anionic 
groups in suitable arrangement to demonstrate and to study the 
physicochemical phenomena associated with the rectification of 
alternating current and other special membranes for specific 
purposes . It is worthwhile to mention that most of the work 
concerning catagory (A) seems to be directed towards finding 
suitable membrane materials for fabricating a structure for 
effective desalting sea water by application of pressure. The 
most commonly used materials for casting a membrane for desalina- 
tion is cel lulose acetate although, Polymethacrylic acid < PMA) , 
Phenol sulphonic acid (PSA), Polystyrene sulphonic acid ( PSSA ) 
and cellulose esters have proved very useful ( 43 ) . A number of 
investigators in recent years have prepared membranes from cellu- 
lose accetate under varying conditrons and used them to under- 
stand the mechanism of water flow ( 44-61 ) . In catagory (B) bilay- 
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er membranes , first generated by Mueller et al . ( 62 ) have most 
widely been used as model for 1 iving cells and the studies have 
given somewhat a better understanding of the structure atnd func- 
tion of the natural membranes . The membranes of catagory ( C ) are 
quite numerous (7,63-66) . 

Transport processes occuring across artificial mem- 
branes separating different solutions have attracted the atten- 
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wellbeing of all mankind. 

The literature in book form describing membrane tech- 
nology and applications is far too extensive to mention . The 
principal volumes containing significant sections on , or total ly 
devoted to membrane electrochemistry are by Clarke and Nachman- 
sohn(67) ,Helfferich (13), Spiegler ( 44-45 ) , Merten ( 46 ) , Marinsky 
( 68 ) , Stein (69), Cole ( 70 ) , Lakshminarayanaiah (14,43,63), 
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matical approaches, according to the ideal models on which they 
are based. It is in fact too schematic , as many theories occupy 
intermediate positions . No author is likely to take the view that 
one of these treatments is right and the others wrong . The var- 
ious descriptions supplement each other and depending on the 
system under consideration , one of the three will prove the most 
suitable . It may be shown, for example, that when the number of 
activation theresholds becomes very large, and the distance 
between the lattice points sufficiently small , then groups ( iii ) 
and ( ii ) merge into each other. A transition is also found be- 
tween groups ( i ) and < ii ) ( 89 ) . 

Unlike group ( iii ) , groups ( i ) and ( ii ) can be classi- 
fied in the general scheme of irreversible thermodynamics . In 
group (i) as well as in group (ii), linear relationship are 
assumed between the particle fluxes and the driving forces owing 
to the differing characters of the driving forces, group (i) is 
treated according to the method of "discontinuous systems" , and 
group ( ii ) according to that of "continous systems" . An integra- 
tion in group (ii) across the membrane does not as a rule yield a 
linear relationship between the flux and the general chemical 
potential differences . Only for sufficiently small differences 
does group (ii) merge into group ( i ) after integration . In this 
sense group ( ii ) is more general than group ( i ) . Group ( ii ) is, 
however , inferior to group ( i ) in that a number of idealizations 
must be assumed before an explicit integration can be affected . 
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Kirkwood ( 90 ) finds a correction between group ( i ) and ( ii ) . His 
initial flux equation differs from that normally used in the 
treatment of "continuous systems" in irreversible thermodynamics . 
This treatment of Kirkwood has been developed and modified by 
schlogl . 

The theories of the first group have the advantage of 
being relatively simple . For ion-exchange membranes , however , 
they are often inadequate » These theories deal chiefly with 
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ly is usually too lengthy a task or even quite impossible, the 
quasi-thermodynamics treatement is forced to make assumption 
about the condition of the system. 

The thermodynamics of irreversible processes (91) in 
contrast to quasi - thermodynamics does not require prior knowl - 
edge of the concentration profiles . The set of equations of 
thermodynamics of irrversible processes interrelates all accuring 
"fluxes" ( of species electric current , heat etc . ) and "driving 
forces" ( gradients of chemical potential , electric potential , 
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Several investigators have applied the theory of obso- 
lute reaction rate to diffusion processes in the membranes . 
Zwolinski, Eyring and Reese <101) examined the non electrolyte 
permeabilities data for various plant and animal cells by apply- 
ing the diffusion processes as one of the basic phenomena. They 
presented a detailed kinetic approach to diffusion which clari- 
fies much established concepts and provide impetus to a fresh 
approach to the problems in the field of biological diffusion. It 
is equally adoptable to the treatment of the permeabilities of 
membranes to electrolytes , to nonelectrolytes under the driving 
forces of a concentration gradient , activity gradient , and exter- 
nal and internal potential gradients. Zwolinski, Eyring and Rees 
<101) treatise on membrane diffusion is based on the "activated 
state" or the "transition state" theory . Beg et al . (102,103) 
applied absolute reaction rate theory to investegate the mecha- 
nism or transport of simple metal ions through the parchment 
supported membranes as well as their selectivity ratio on the 
membrane surface . Samanta and Basu (104) used the absolute reac- 
tion rate theory for the calculation of some thermodynamic param- 
eters in order to consider the energetics of electrolyte permea- 
tion in microporous membranes . 

Laidler , Dames and Shuler ( 105 ) have also considered 
the kinetics of membrane permeation for nonelectrolytes through 
collodion membranes. They also developed flux equations for sol- 
vent and solute especially as a function of the osmotic and 
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hydrostatic pressure across the membrane . Tien and Ting ( 106 ) 
have recently applied the theory of reaction rates to diffusion 
processes through Bilayer Lipid Membrane (BLM) and various ther- 
modynamic quantities like free energy of activation, enthalpy of 
activation and entropy of activation have also been drived . 
Recently Kimikuza et al . ( 107 ) using energy barrier theory deter- 
mined that diffusion coefficient of the metal ions in the mem- 
brane phase are proportional to the activity of ions in the 
external metal ions solution . Moreover , Samanta {108) used abso- 
lute reaction rate theory to determine energetics and the activa- 
tion parameters for the measurement of anions in the microporous 
membranes . B . Baranowski ( 99 ) applied the non equlibrium thermodya- 
namics to membrane transport in order to explain the transport 
phenomena in membranes . It can be investigated by different 
experimental methods leading to a rich variety of measurable 
quantities , the compactness and selectivity of a phenomeno logical 
description are of great value. Yusuke Imai ( 109 ) outlined a 
module of membrane transport system moduled by network thermody- 
namics in two steps : one using the bond graph method of network 
thermodynamics , resistive and capacitive modules expressed sub 
systems as integrated cercuits . In the second step the membrane 
transport system was designed from a combination of the resistive 
module and the paired capacitive modules as sub systems . 

In the membrane studies application of electrochemis- 
try is pertinent at three lavels (7). One is the development of 




techniques with application to experimental phenomenology include 
ing current-voltage-time-concentration behaviour . A second is the 
mathematical modeling implied by experiment and tested against 
experiment. The third level is experimental verification of 
models in terms of the molecular processes and properties which 
includes determination of theoritical parameters by electrical 
methods and by complementry nonelectrochemical methods : Physical , 
optical , ESR , NMR, Raman, fluorescence , T- jump techniques etc . 
The most important contribution of electrochemists to membrane 
electrochemistry is the transfer of perspective and wisdom to the 
new area . There are many sine qua nons in electrochemistry which 
have occured through extensive studies of electrolytes and elec- 
trolyte/membrane interfaces. Electrochemists have learned to 
subdivide systems into interfacial and bulk processes and to 
expect effects of dielectric constant (Complex formation, ion 
pairing ) , effects of short-range forces ( adsorption of charged 
and uncharged species with , possibly , changes in rates of inter- 
facial processes) , effects of high fields near surfaces (wien 
effect, and dielectric saturation) , and the important effect of 
local potentials on rates of interfacial processes < irreversible 
charge transfers , psi effects , etc ) . Application of membrane 
potential equations to Tight Epithelia and by G.M.Lyndsay et al . 
( 110 ,111 ) also reported the contribution of secondary active 
transport processes to membrane potentials . 


.n this thesis transport properties across synthetic 
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and boilogical membranes when they were used to separate various 
aqueous electrolyte solutions are reported. Membrane electrolyte 
system has been considered to contain four chemical species, 1- 
counterion , 2— coion, 3 — water and fourth the membrane matrix 
which carries fixed charg group and excludes the pos sibil ity of 
chemical reaction within the membrane. The membrane, therefore, 
has been considered to constitute the repeat unit of the matrix 
due to the fixed charge and adjacent polymer segments . It is, 
therefore, possible that kinetic coupling interaction of membrane 
ma cr ix will include not only the contribution of fixed charge but 
also specific polymer effects if such exist. This is an important 
qualification to the description of the species four as simply as 
ion, although it appears from earlier studies that such effects 
are small ( 112-114 ) . 

The thesis has been presented under the following 
three heads . 

1 • MEMBRANE CHARGE DENSITY: 

This portion of the thesis deals with the measurements 
of membrane potential across the parchment supported mercuric 
sulphide, nickel sulphide membranes and Hen egg shell biological 
membrane using various 1:1 electrolyte at different concentra- 
tions under isothermal conditions for the evaluation of themody- 
namically effective fixed charge density of the membrane as well 
as to examine the validity of the recently developed theories for 
membrane potential based on the thermodynamics of irreversible 


processes. The observed membrane potentials are used to evaluate 
the effective fixed charge density of the membranes, transport 
number of cations across the membranes in order to characterize 

them. 

2. MEMBRANE SELECTIVITY: 

In this portion of the thesis, the evalution of mem- 
brane selectivity of the above membranes towards simple ions 
using biionic and multiionic potential measurements has been 
carried out for various 1 : 1 electrolytes . Membrane conductivity 
measurements have also been used to substantiate these findings . 

3. TRANSPORT MECHANISM OF SIMPLE METAL IONS THROUGH MEMBRANES : 

In this chapter the conductance behaviour of parchment 
supported mercuric and nickel sulphide membranes bathed in dif- 
ferent concentrations of alkali metal chloride at different 
temperatures has been studied. Absolute reaction rate theory has 
been applied in order to investigate the transport mechanism of 
simple metal ions through the membranes . 
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INTRODUCTION 

One of the most consistent properties of biological 
system is the presence of a voltage across the cel lular surfaces . 
The mechanism whereby this potential arises is still in dispute . 
Some consider it to be a diffusion potential while other suggest 
the voltage to be an adsorption potential ( 1 ) .Teorell (2,3) consi- 
dered the presence of charge on the membrane skeleton responsible 
for the development of potential across it . Based on fixed charge 
concept a number of theoritical equations for membrane potential , 
developed across a charged membrane separating two electrolyte 
solutions , have been derived and tested using , generally syn- 
thetic ( model membranes ) and egg shell membranes . However , the 
various attempts made to calculate membrane potentials fall into 
three groups : (a) the idealized theory of Teorel 1-Meyer-Sievers 
(TMS) (45 and its refinements (5), (b) the pseudothermodynamic 
approach due to scatchard and treatment based on the thermodynam- 
ics of irreversible processes (6) and ( c ) kinetic approach based 
on the theory of absolute reaction rate . 

A potential difference is generally established 
between two electolyte solutions at different concentration 
separate by an ion-permeable membrane .This potential difference , 
called the membrane potential , plays an important role in electro- 
chemical phenomena observed in various biomembrane systems . As 
is well known, in the stationary state the membrane potential 
arises both from the diffusion potential (7,8) and membrane 


boundary potential (9-12). 

In this chapter , the evaluation of effective fixed 
charge density of hen egg shell biological membrane and inorganic 
precipitate mercuric sulphide and nickel sulphide parchment supp- 
orted membranes from membrane potential measurements which are 
based on thermodynamics of irreversible processes of Kobatake et 
al . {13-21) and Nagasawa et al.(22) including the generally used 

and widely accepted method of TMS (4) are described. This is in 
order to substantiate our earlier findings, on the basis of Ei- 
senman-Sherry model of membrane selectivity, that egg shell memb- 
rane and parchment supported membranes possess small density of 
fixed charge groups on the membrane matrix , as well as to test 
the validity of the recently developed theories for membrane 
potential . 

EXPERIMENTAL 

Parchment supported mercuric sulphide , nickel sulphide 
membranes were prepared by the method of interaction suggested by 
Beg, Shyam and Coworkers (23,24) . To precipitate these substances 
in the interstices of parchment paper, a 0 . 2M solution of sodium, 
sulphide was placed inside glass tube, to one end of which was 
tied the parchment paper (supplied by M/S Baird and Tatlok London 
Ltd.) previously soaked in water. The tube was suspended for 72 
hours in a 0 . 2M solution of either mercuric chloride or nickel 
(II) chloride. The two solutions were interchanged later and kept 
for another 72 hours. The membranes thus prepared were washed 


23 


with deionized water to remove free electrolytes. 

The egg shell membrane was isolated from the freshly 
i-axd hen egg. The egg was broken first at one end. Yolk and white 
of the egg were poured out. The egg membrane was then separated 
gently from the hard CaCC *3 covering . The shell membrane 
consisting of two layers a thick outer next to CaCC >3 shell and 
a thinner next to the albumin ( 3 ) , was washed several times with 
deionized water in order to remove water soluble substances., 
these membranes were then clamped separately between two half 
cells of an electrochemical cell of the type 


Reference 

Solution 

Membrane 

Solution 

Reference 

electrode 

c 2 


Cl 

electrode 



Diffusion 





potential 




Donnan Donnan 
potential potential 

for the measurement of membrane potential Hg-Hg 2 Cl 2 ~KCl was used 
as a reference electrode. The total potential difference between 
reference electrode placed on either side of the membrane is the 
algebraic sum of the electrode potential , i . e . , concentration 
potential and the membrane potential E m (25,26). A tenfold dif- 
ference in concentration of chloride solutions ( i . e ; C 2 /Cg=10 ) was 
maintained and measurements were made by a pye-precision potenti- 
ometer (Ho. 7568), The solutions were replaced by fresh solutions 
and when there was no change in potential with the addition of 
fresh solution, with constant vigrous stirring by a pairs of 
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magnetic stirrers , it was taken as the true total potential 
difference across the Hg-Hg 2 Cl 2 ~KCl electrodes. In all the mem- 
branes it could be reproduced within a few tenths of a mV. The 
whole cell was immersed in a water thermostat maintained at 
25± 0 . 1°C . The various salt solutions ( chlorides of Li + , Na + and 
K ) were prepared from BDH, AR grade chemicals and deionized 
water . 

RESULTS AND DISCUSSION 

The values of membrane potential E m measured across 
parchment supported mercuric and nickel sulphide membranes and li- 
en egg shell membrane in contact with various 1 : 1 electrolytes a- 
re given in Tables 1.1-1. 3. These membrane potential values are 
plotted in Figs . (1.1-1. 3) against log (C^+C2 ) /2 . 

When two electrolyte solutions at different concentr- 
ation are separated by a membrane the mobile species penetrate 
the membrane and various transport phenomena are induced in the 
system (18). Membranes in general have the ability to generate 
potentials when they are used to separate electrolyte solutions 
of different concentrations . This property is attributed to the 
presence of a net charge (23,24,26-33) probably due to adsorption 
of anions or cations . The quantity of charge required to generate 
potentials , particularly when dilute solutions are used, is 
small. This , of course , is dependent on the porosity of the 
membrane . If the membrane pores are too wide well defined poten- 
tials can not be obtained. But if the membrane pores are small , a 
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TABLE 1.1 


EXPERIMENTALLY OBSERVED VALUES OF MEMBRANE POTENTIAL E (mV) 

m 


ACROSS MERCURIC 

ELECTROLYTES AT 

SULPHIDE MEMBRANE 
o 

25+0.1 C 

IN CONTACT WITH 

VARIOUS 1:1 

Membrane 


Mercuric sulphide 


Electrolyte 

KCl 

NaCl 

LiCl 

Concentration 




C /C < M ) 

2 1 




1. 0/0.1 

1.42 

-3.78 

-15.20 

0.5/0.05 

3.38 

-3.08 

-14.53 

0.1/0.01 

11.32 

6.02 

-13.39 

0.05/0.005 

16.10 

8.94 

-5.95 

0.01/0.001 

29.60 

20.95 

12.17 

0.005/C. 0005 

36.37 

24.00 

20.95 

0.001/0.0001 

37.75 

24.22 

21.75 


Vide Fig . 1 . 1 
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TABLE 1.2 

EXPERIMENTALLY OBSERVED VALUES OF MEMBRANE POTENTIAL E (mV ) 

m 

ACROSS NICKLE SULPHIDE MEMBRANE IN CONTACT WITH VARIOUS 1:1 

o 

ELECTROLYTES AT 25+0.1 C 


Membrane 


Nickel sulphide 


Electrolyte 

KCl 

NaCl 

LiCl 

Concentration ( M) 




C /C 




2 1 




1 . 0 / 0 . 1 

2.3 

-5.3 

-11.1 

0.5/0.05 

3.3 

-3.9 

-10.8 

0.1/0.01 

20.8 

5 . 5 

0.0 

0.05/0.005 

22.4 

10.7 

5 . 4 

0.01/0.001 

31.0 

24.9 

20.3 

0,005/0. 0005 

37.0 

26.4 

25.2 

0. 001/0. 0001 

37.2 

26.5 

26 . 0 


Vide Fig . 1.2 



TABLE 1.3 


EXPERIMENTALLY OBSERVED VALDES OF MEMBRANE POTENTIAL E (mV) 

m 


ACROSS HEN EGG SHELL 

ELECTROLYTES AT 25+0 

MEMBRANE 

o 

.1 C 

IN CONTACT WITH 

VARIOUS 1:1 

Membrane 


Hen egg shell 


Electrolyte 

KC1 

NaCl 

LiCl 

Concentration 




C /C CM) 




2 1 




1 . 0/0.1 

-6 . 5 

-16.2 

-21.0 

0.5/0.05 

-8.9 

-18.8 

-20.5 

0.1/0.01 

-14.7 

-24.0 

-25.5 

0.05/0.005 

-16.2 

-29.3 

-32.0 

0.01/0.001 

-19.5 

-33.5 

-33.8 

0.005/0.0005 

-20.3 

-34.8 

-35.0 

0.001/0.0001 

-20.3 

-34.8 

-35 . 0 


Vide Fig. 1.3 







little charge on it can give ideal potentials according to the 
Nernst equation. 

E = (RT/F) In aj_/a 2 (1.1) 

Where aj_ and a 2 are the activities of the two solutions on either 
side of the membrane, E is the membrane potential and R, T and F 
have their usual meanings. 

The values of membrane potential E m (mV) observed 
across mercuric and nickel sulphide membranes are positive when 
the membranes are used to separate dilute solutions ( dilute solu- 
tion side taken as positive ) . The values are low when the membran- 
es are used to separate concentrated solution of an electrolyte 
whereas it increases as the solutions are diluted and reach to a 
maximum value this means these parchment supported membranes are 
negatively charged ( cation selective ) and selectivity increases 
with dilution. The negative charge may be attributed to the 
preferential adsorption of hydroxyl ions from water and, or 
sulphide ions present in the solution used for the preparation of 
the membranes . 

Two important factors which control electrolyte perm- 
eability through a membrane are charge on the membrane and its 
porosity. Parchment paper, except for the presence of some stray 
and end Carboxylic group, Contains very few fixed groups . Deposi- 
tion of inorganic precipitate gives rise to a net negative charge 
on membrane surface in the dilute solutions of a 1 : 1 electrolyte 
leading to the type of ionic distribution associated with the 
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electrical double layer (25). The stepwise change in membrane 
potential or the selectivity character of the membrane- 
electrolyte system may readily be explained in terms of the 
structural changes produced in the electrical double layer at the 
interfaces . 

In iien egg shell membrane the commonest substance 
due to which the membrane is composed is Keratin. Though this 
protein seems to take many forms and to have exactly the same 
properties in different solutions ( 34-37 ) . According to Kitchava 
et al . ( 38 ) the outer layer of the egg vitelline membrane consisted 
of polypeptides showing mostly and ot-helix structure, whereas the 
inner layer mainly contained peptides with randomcoil structure . 
Very little is known about the relative proportions of yolk, white 
and the shell membrane in the egg of lower animals, although the 
miner o logical and morphological structure of shell is well under- 
stood ( 36 ) . 

An interesting point with the values of E ra is 
the fact that these are negative in all the electrolyte concentr- 
ation ranges . However , the values of E m decrease algebraical ly as 
the electrolyte concentration across the membrane is increased. 
This means that the membrane in contact with dilute electrolyte 
solutions is anion selective whereas the anion selectivity decre- 
ases as the concentration across the membrne is increased . The 
egg shel 1 membrane is considered to be negatively charged in 
contact with water . It is quite probable that in these cases 
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the negative charge is due to the firm attachment of hydroxide 
ions from water and few inorganic groups of organic fibers ( 37 ) 
constituting the egg shell membrane . An equivalent number of 
protones and/ or cations , some closely held in the fixed part of 
the double layer and the remainder in the diffused portion, is 
left in the solution . By the addition of uni -univalent electroly- 
tes , there will be a tendency for cations to accumulate on the 
solution side of the fixed double layer by increasing the positi- 
ve charge density , the interfacial potential difference changed 
thereby changing the overall membrane potential and the membrane 
becomes less selective . If the electrolyte concentrations are 
further increased the overall membrane potential or the selectiv- 
ity character of the membrane changes . 

The fixed groups present in well characterized 
ionexchange membranes can be easily estimated by titration. This 
procedure was used by sol lner ( 39 ) to estimate the end groups 
and stray Carboxylic groups present in the collodion material . 
Lakshminarayanaiah ( 40 ) in his studies with thin membranes of 
par lodion , used two methods the isotopic and the potent iometric 
to evaluate the apparent fixed charge on the membrane material .In 
the present studies the titration method proved inconvenient and 
very inaccurate , while the isotopic method was described in view 
of the strong ionic adsorption phenomena exhibited by these 
systems. Consiquently the potent iometric method based on fixed 
charge theory of membrane potential has been used for the evalua- 


tion of effective fixed charge density of mercuric , nickel sul- 
phide parchment supported membranes and hen egg shell biological 
membrane . 


The fixed charge concept of Teorel 1 (2,3), Meyer and 
Sievers ( 4 ) (TMS theory ) for charged membranes is a partinent 
starting point for the investigation of the actual mechanisms of 
the ionic or molecular processes which occur in the membrane pha- 
se, According to this theory membrane potential is considered to 
be composed of two Donnan potential at the two solution-membrane 
interfaces and a diffusion potential arising from unequal concen- 
tration of the two membrane phases . These authors derived follow- 
ing equation for membrane potential in millivolts (at 25°C ) 
applicable to a highly idealized system, viz : 


E 


m 


59.2 


C2(/i4C 1 / +X 2 + X) 

log + D log 


L 


ci< 


Af4C2^ + 


If 2 +x ) 


J~4 C2 2 +X 2 +XU 

a/4C 1 2 +X 2 +XD 


( 1 . 2 ) 


where U= ( u-v) / (u+v ) , u" and v~ are the mobilities of cation and 
anion respectively in the membrane phase; X is the charge on the 
membrane expressed in equivalents/ litre of imbibed solution . 
Equation (1.2) has been frequently used for the evaluation of the 
fixed charge density X of a membrane ( 41 ) . In order to evalute 
this parameter for the simple case of 1 : 1 electrolyte and mem- 
brane carrying a net charge of unity ( X = ±1 ) , theoritical concen- 
tration potentials E m existing across the membrane were calculat- 
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ed as a function of log C 2 , are given in Table 1.4 and 1.5. The 
ratio ( C 2 / C x ) being kept at constant value of 10 for different 
mobility ratios, TT/v and plotted as shown in Figs. , (1.4-1. 6) . The 
observes membrane potential values using various 1 : 1 electrolyte 
are plotted in the same graph as a function of log I/C 2 . The 
experimental curve is shifted horizontally until it coincides 
with one of the theoritical curves. The extent of this shift 
gives log X and the coinciding theoritical curve gave the value 
for u/v , Figs . (1. 4-1.6). The observed membrane potential values 
for mercuric and nickel sulphide parchement supported membranes 
were plotted in the Fig. (1.4) and (1.5) respectively, while for 
hen egg shell membrane these are plotted in Fig. (1.6). The 
values of X and u”/v derived in this way for all the three mem- 
branes with various 1 : 1 electrolytes combinations are given in 
Table 1.6. It is, however , noted that the experimental curves for 
hen egg shell membrane after shifting horizontally did not over- 
lap completely with any of the horizontal curves in all the 
electrolyte concentration ranges studied . This discrepency is not 
peculiar for nickel and mercuric sulphide membranes as well as 
for other systems ( 27-29 , 42-44 ) . Hen egg shell membrane has the 
similar nature of observed membrane potential as the potential 
measured across duramater , the membrane surrounding the brain of 
buffalo ( 45 ) and the peritoneal membrane (46). 

Kobatake et al . ( 47 ) on the basis of the thermodynamics 
of irreversible processes derived the following equation for the 


TABLE 1.4 


THEORIl ICAL VALUES OF MEMBRANE POTENTIALS E (mV) CALCULATED FROM 

m 

TEOKELL-ME1ER -SI EVERS METHOD FOR DIFFERENT MOBILITY RATIO "u / v 
AND <X=1) AT DIFFERENT CONCENTRATIONS 


Mobility r a t i o 

*u / V 

0,2 

0.4 

0.6 

0.8 

1.0 

1.2 

Concent rat ion 







C /C (M) 







2 1 







1 . 0 / 0 . 1 

15.0 

30.0 

45.2 

46 . 0 

45.0 

34.0 

0.5/0.05 

35.0 

40.0 

47.5 

47.0 

50.2 

50.0 

0.1/0. 01 

50.0 

50.0 

50.0 

55.5 

55.0 

55.0 

0.05/0.005 

58.0 

57.0 

55.0 

58.0 

59,0 

59.0 

0.01/0.001 

59.0 

59.0 

59.0 

59.0 

59.9 

59.9 

0.005/0.0005 

60.0 

60.0 

60.0 

60.0 

60.0 

60.0 

0.001/0.0001 

60.00 

60.0 

60.0 

60.0 

60.0 

60.0 


Vide Figs. 1.4-1. 5 
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TABLE 1.5 

THEORIT1CAL VALUES OF MEMBRANE POTENTIALS E (mV) CALCULATED FROM 

ra 

TEORELL-MEYER- SI EVERS METHOD FOR DIFFERENT MOBILITY RATIO W / ” 
AND (X=-l ) AT DIFFERENT CONCENTRATIONS 


Mobility ratio 

u / v 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

Concent ration 

C /C ( M 5 

2 1 

1 . 0/0.1 

-9.1 

-12.5 

-16.2 

-18.5 

-21.1 

-23.3 

0.5/0.05 

-11.5 

-15.3 

- 1 8 . 7 

-20.2 

-23.0 

-25.4 

0.1/0.01 

-15.5 

-18 . 2 

-21.0 

-23.5 

-26.5 

-28.6 

0.05/0.005 

-22.7 

-22.8 

-25.4 

-27.6 

-30.1 

-32.3 

0.01/0.0001 

-30.0 

-32.5 

-35.0 

-37.0 

-38.2 

-38.3 

0.005/0.0005 

-37.1 

-43.1 

-46.2 

-47.1 

-48.1 

-47.9 

0.001/0.0001 

-54.0 

-54.1 

-54.2 

-54.4 

t) 4 ® 4 

-54.5 






TABLE 1.6 


VALUES OF EFFECTIVE FIXED CHARGE DENSITY X (eq/1) AND MOBILITY 

RATIO ( u/v) FOR VARIOUS MEMBRANE ELECTROLYTE SYSTEMS USING TMS 

o 

METHOD AT 25+0.1 C 


Electrolyte 


KCl 

NaCl 

LiC 1 

Membranes 

Parameters 





0 
i £« 




Mercuric sulphide 

(Y)xio 

3.5 

1.6 

4.7 


(u/v) 

1.0 

0.8 

0.6 


2 




Nickel sulphide 

(X)xlO 

2.3 

1.6 

2.2 


Cu/v) 

0.8 

0 . 6 

0.8 


2 




Hen egg shell 

(X)xlO 

2.5 

4.0 

4.6 


Cu7v) 

0.9 

0.7 

0.5 
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electrical potential E m which arises when a negatively charged 
membrne separates two solutions of a 1:1 electrolyte of concen- 
trations €]_ and €2 ( < C2 ) : 


RT 


-'nr 


In 


C 2 


(1 + 


2a ) In 


Cl 


C 2 +agX 
C +agX 

(1.3) 


where a = U/ ( u+v) 

0 = 1+KFX/u 

F and K represent, respectively, the faraday constant and a 
constant dependent upon the viscosity of the solution and struc- 
tural details of the polymer network of which the membrane is 
composed . To evaluate the membrane parameters , a, g and X, two 
limiting forms of the above equation were derived . When the 
external salt concentration C is sufficiently small , 
lE°" m l = <1/0 ) Int- ( t-l/ag t ) ( 1 + 1 /g -2a ) <C 2 /X> +...(1.4) 
where iE^t = F ( E m /RT ) 
and T = C 2 /Ci 

when the salt concentration C is high, 

l/t_ = ( 1/1-a ) + 1 (l+g-2ag > ( t- 1 ) a / 2(l-a> 2 lnt] (X/C 2 ) +. . . (1.5) 

Where t_ is the apparent transference number of coions (anions) in 
a negatively charged membrane defined by 
t E°7 n 1 = <l-2t) Int (1.6) 

The values of t calculated from observed membrane 
potentials using eq. (1.6) for mercuric and nickel sulphide par- 
chment supported membranes and hen egg shell biological membrne 


42 


electrical potential E m which arises when a negatively charged 
membrne separates two solutions of a 1 : 1 electrolyte of concen- 
trations C]_ and C 2 ( C]_ < C2 ) : 


RT 




C 2 1 C2+etPX 

l n — _ - (i+ — - 2a) In ( — 

C]_ p C]_+apX 


(1.3) 


where a = 0/ ( u+v ) 

P = 1+KFX/u 

F and K represent , respectively? the faraday constant and a 
constant dependent upon the viscosity of the solution and struc- 
tural details of the po 1 y me r network of which the membrane is 
composed . To evaluate the membrane parameters , a, P and X, two 
limiting forms of the above equation were derived. When the 
external salt concentration C is sufficiently small? 
lE^I = (1/p ) lnx- ( x-l/ocP x ) <l + l/P-2a) (C 2 /X) +...(1.4) 
where IE°^! = F ( E m /RT ) 
and x = C 2 /Cj_ 

when the salt concentration C is high, 

l/t_= ( 1/1-a ) +[ (l + P-2ap) (x-l)a / 2(l-a) 2 lnx] <x7c 2 > +. . . (1.5) 
Where t is the apparent transference number of coions (anions) in 
a negatively charged membrane defined by 
IE°^I = ( l-2t ) lnx (1.6) 

The values of t calculated from observed membrane 
potentials using eg. (1.6) for mercuric and nickel sulphide par- 
chment supported membranes and hen egg shell biological membrne 
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are given in Tables 1.7-1. 9. Equation (lo4> was used to give the 
value of P (see Table 1.10) and a relation between a and "X by ev- 
aluating the intercept and the initial slope of the plot of JE^J 
against C 2 ( Figs . 1.7-1. 9), while eg. (1.5) was used to evaluate 
a (see Table 1.10) from the intercept of a plot of l/t_ against 
I/C 2 (Figs. 1.10-1.12). The values of X~ were determined by inser- 
ting this value of a in the relation between a and IT obtained 
earlier. The values of X derived in this way for the membranes 
and 1:1 electrolytes are given in Table 1.11. 

Once the values of the parameters a , P and X for a 
given membrane-electrolyte system have been determined one can 
get the theoretical E m using eg. (1.3) and compare it with the 
corresponding experimental data . For this comparison eq. (1.3) 
can be rewritten in the following form as suggested by Kobatake 
and co-workers (47). 

<x-e q ) /(e q -l) = Z (1.7) 

with q and 2 defined by 

q = I E 0 ^ 1 + ( l-2a ) lnt / 1/(5 + ( l-2a) 
and z = Co/aPX. Thus if eq. (1.7) is valid, the value 
of (x-e q ) / (e q -l) calculated from the measured E m with 
predetermined a , P and X and the given value of r must fall on a 
straight line which has a unit slope and passes the co-ordinate 
origin when plotted against z. this vehaviour should be observed 
irrespective of the value of x and the kind of membrane-electrol- 
yte system used. Figs .(1.13-1.15) demonstrate that the theoritical 


© KC1 
O NaCl 
A LiCl 



2 3 4 5 

C ? X10 2 


Plots of | Em |/2.303 against C^XIO 2 

for mercuric sulphide membrane in 
contact with various 1:1 electrolyte 
solutions. 


° NaCL 
A Li Cl 



.05 0.1 


c 2 xio 2 

Plots of | Em" |/2.303 against C ? X10 2 

for hen egg shell membrane in contact 
with various 1:1 electrolyte solution 
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TABLE 1.7 


TRANSFERENCE NUMBER t_QF COIONS (ANIONS) DERIVED FROM OBSERVED 
MEMBRANE POTENTIAL AT VARIOUS ELECTROLYTE CONCENTRATIONS THROUGH 
MERCURIC SULPHIDE MEMBRANE 














TABLE 1.8 


TRANSFERENCE NUMBER t_OF COIONS (ANIONS) DERIVED FROM OBSERVED 
MEMBRANE POTENTIAL AT VARIOUS ELECTROLYTE CONCENTRATIONS THROUGH 

NICKEL SULPHIDE MEMBRANE 


Membrane 


Nickel sulphide 


Electrolyte 

KCl 

NaCl 

LiCl 

Concent rat ion 




C /C (M) 

2 1 




1 . 0 / 0 .1 

0.43 

0 . 55 

0.59 

0 . 5 / 0.05 

0.47 

0.53 

0.59 

0 . 1 / 0.01 

0.33 

0 . 45 

G . 50 

0 . 05 / 0.005 

0.31 

0.41 

0.45 

0 . 01 / 0.001 

0.24 

0.30 

0.39 

0 . 005 / 0.0005 

0.19 

0.29 

0.29 

0 . 001 / 0.0001 

0.13 

0.28 

0.28 


Vide Fig. 1.11 
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TABLE 1.9 


TRANSFERENCE NUMBER t_ OF COIONS (ANIONS) DERIVED FROM OBSERVED 
MEMBRANE POTENTIAL AT VARIOUS ELECTROLYTE CONCENTRATIONS THROUGH 

HEN EGG SHELL MEMBRANE 


Concentration 


C /C (M) 


2 1 


1 . 0/0.1 

0.45 

0.5/0.05 

0.43 

0.1/0.01 

0.38 

0.05/0.005 

0 . 36 

0.01/0.001 

0.34 

0.005/0.0005 

0.32 

0.001/0.0001 

0.31 








/ 


/ 




20 


HZ- 


• KC1 
O NaCl 
A LiCl 


30 


t_ against 1 / C 2 for 


1L membrane using 1:1 


solutions at constant 




Electrolyte 


KCl 


NaCl 


LiCl 


Membranes 

a 

P 

a 

P 

a 

P 

Mercuric sulphide 

0.51 

1.5 

0 . 44 

2.3 

0.38 

2.7 

Nickel sulphide 

0.50 

1.6 

0.44 

2.4 

0.37 

2.7 

Hen egg shell 

0.58 

3.07 

0.63 

1.7 

0 . 67 

1.6 




TABLE 1.11 


VALDES OF EFFECTIVE FIXED CHARGE DENSITIES OF MERCURIC SULPHIDE , 
NICKEL SULPHIDE AND HEN EGG SHELL MEMBRANES USING VARIOUS 1:1 

electrolytes derived from different theories 


Membrane Mercuric sulphide 

Electrolyte KCl NaCl LiCl 


Nickel sulphide 
KCl NaCl LiCl 


Hen egg shell 
KCl NaCl LiCl 


TMS 

2 

(X)xlO 3.5 1.6 4.7 1.8 1.4 2.5 2.5 4.0 4.6 

(eqn/1 ) 

equqtion (1.2) 

Kobatake et al . 

2 

(X)xlO 4.3 1.5 3.0 2.3 1.8 2.5 3.5 6.2 6.1 

(eqn/1 ) 

equation (1.4) 

Tasaka et al . 

2 

(0X) xiO 1.9 0.99 1.9 2.8 1.4 1.5 3.6 5.2 5.4 

(eqn/1 ) 


equation (1.10) 


o NaCl 
A LiCL 



j i i _ _i 1 -i 

-2-10 1 2 3 


log Z 


1.13. Plots o£ log(Y -e s )/(e M -l) 

log Z for mercuric sulphide membrane 
in contact with various 1:1 electroly 


against 
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prediction of eq. (1.7) [or eq . ( 1 . 3 ) ] is borne out quite satisfa- 
ctory by our experimental results on parchment supported mercuric 
and nickel sulphide membranes and hen egg shell membrane respect- 
ively o 


Tasaka et al . ( 22 ) derived an equation for the membrane 
potential existing across a charged membrane. The total membrane 
potential E ra was considered as the sum of a diffusion potential 
Ejj inside the membrane and the electrostatic potential differ- 
ences E e between the membrane surfaces and the electrolyte solu- 
tions on both sides of the membrane. The diffusion potential 
was obtained by integrating the basic flow equation for diffusion 
(48) while the electrostatic potential difference was calculated 
from the Donnan's theory. Stated mathematically. 


E- 


where 


~®d 


m 


Ed + E e 
0X 


(1.8 a) 


RT 


RT 

F 


FC 

| J z 


o 


(C+0X)u + Cv 
Cv 


dx + 


( C+0X ) u 


d Ina, 


(C+0X)u + Cv 


d lna 


( C+0X ) u + Cv 

(1.8 b) 


and 

-E e = - (RT/F ) In (ai a^/ay a^) <1- 8 

where aT and ao are the activities of the electrolytes on the two 
sides of the membrane, the overbar refers to the phenomena in the 
membrane phase. J Q is the flow of electrolyte in the absence of 
an external electric field, the other symbols have their usual 
significance . On integrating eq. (1.8) in the limit of high 
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electrolyte concentrations across the membrane potential : 


RT 


0X 


T-l 


RT u-v 


"E m = < — ) < — > — + — ( ) 


0XJ, 


{ 1 - 


L 


i 1- 


RTC 0 { u-v ) K 


0XJ o (u+v) 


4RTC 0 uvK 



F 

0XJ, 


u+v 


2RTC 0 vK 


RT0X 


lnx + 


o 9 
) z 


2Fuv RTC 0 K 


0XJ 




o 


2RTC 0 vK 


(t-1)C 2 


(1.9) 


AT high electrolyte concentrations, eg. (1.9) can be approximated 

by 

RT T-l 0X 1 

-E, n = — ( -) ( — )■ - — +... (1.10) 

FT 2 C 2 

Equation (1.10) predicts a linear relationship between E m and 
1/C 2 from which 0X can be calculated. Plots of E m / ( T-l ) /-£ versus 
1/C 2 for the membrnes are represented in Figs. (1.16-1.18). A set 
of straight lines in agreement with eq. (1.10) are obtained. The 
values of 0X derived from the slope of the lines are given in 
Table 1.11. 

The values of fixed charge densities evaluated from the 
two developed theories of Kobatake et al. and Tasaka et al . are 
closer to those derived from the TMS theory-the theory most 
widely used to interpret data on biological systems. The values 
obtained for parchment supported mercuric and nickel sulphide 
membranes and hen egg shell membrane vary significantly, depending 
on the different methods used. It is thus concluded that values of 
effective fixed charge densities evaluated using the different 
theories characterize the membranes accurately . 





o KCi 

o NaCl 
4 LiCl 


100 200 
1/C 2 

Plots of membrane potentials Em (mV) 
against l/C 2 for hen egg shell membrane 

in contact with various 1:1 electrolytes 
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MEMBRANE SELECTIVITY 
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INTRODUCTION 

The total electric potential difference observed under 
zero current flow between two aqueous solutions separeted by a 
membrane has been one of the most widely characterized electroch- 
emical and bielectric phenomena (1-8). For biological membranes 
the eletrical potential difference is usually described in terms 
of Goldman -Hodgkin -Katz (9,10) equation whereas for certain ion 
exchange membranes permeable solely to species of one sign , it is 
described by a generalized Nernst equation. Both Goldman- Hodg- 
kin-Katz and Nernst equations contain ionic permeability ratio 
terms . Depending on the transport mechanism or the assumption 
made in the derivation, the permeability ratio has been given 
various physical meanings as mobility ratio ( 11 ) , ion exchange 
equilibrium constant (12), the product of the mobility ratio and 
the Donnan ratio (13,14) , the product of the mobility ratio and 
the distribution coef f icient ratio (10), the product of the 
mobility ratio and ion exchange equilibrium constant (15,16) or 
the product of the equivalent conductance ratio and the ratio of 
partition coefficients ( 17 ) . Sandblom and Eisenman (17,1,18) have 
discussed the significance and implication of the observed perme- 
ability ratio . Recently a number of reviews have also been appea- 
red dealing the ion selectivity of membranes ( 19-28 ) . 

In this chapter effective fixed charge density of the 
mercuric sulphide , nickel sulphide parchment supported membranes 



and hen egg shell membrane has been used individually to calcula- 
te theoritical biionic potentials and compared with experemental 
determined values. The observed biionic potential values across 
the both parchment supported and egg shell membranes are used for 
the evaluation of membrane selectivity of ions. Membrane conduct- 
ance values in contact with various 1:1 electrolytes have also 
been experimentally determined to substantiate our findings. 

EXPERIMENTAL 

The biionic potentials across freshly prepared mercu- 
ric and nickel sulphide membranes by the method of the interacti- 
on described earlier in chapter I and hen egg shell membrane was 
isolated from the freshly laid hen egg (29). Biionic potentials 
were determined by constructing electrochemical cell of the foll- 
owing type : 


Hg-Hg Cl 

Saturated 

Solutions 

Membrane 

Solution 

Saturated 

2 2 

KCl -Agar 

AX 1 


BX 

KCl -Agar 


Hg-Hg Cl 
2 2 


A Pl'e -precis ion vernier potentiometer (No .7568 ) was used to 
observe the biionic potential values . Aqueous solution of sodium , 
potassium and lithium chlol rides ( BDH , AR grade ) were taken in the 
investigations . The solution on the both sides of the membrane 
were vigorously stirred with a pair of electrically operated 
magnetic stirrers to remove completely or at least to minimize 
the effect of film-control diffusion (30). 
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Electrical conductivity of the membrane was determined 
by setting up a cell of the type show in Fig. (2.1) with a condu- 
ctivity bridge (Cambridge Instrument Company Ltd., England). All 
measurements were carried out at 25i0.1°C. The error in measure- 
ment of membrane potential was within 1.0% whereas the electri- 
cal conductance could be measured to better than 99.5% accuracy. 

RESULTS AND DISCUSSION 

When an ion exchange membrane of different concentra- 
ions is interposed between two solutions of an electrolyte the m- 
obile species penetrate the membrane and various transport pheno- 
mena are introduced into the system (31). An electrical potential 
called a concentration or membrane potential is generated across 
the membrane . The sign and magnitude of this emf directs the 
selectivity of the membrane towards the ions of the electrolyte . 
If the membrane is used to separate the solution of the AX and BX 
(or AX and AY) type electrolytes, the steady potential developed 
is called biionic potential ( 32) which is a measure of the selec- 
tivity of the membrane for ions of the same sign. Biionic potent- 
ial E bip has been considered by Helfferich (15) , according to 
the concepts of the TMS theory, (13,14) as being the algebraic sum 
of two interfacial potentials and an internal diffusion potential . 
A complete mathematical discussion under conditions of (a) membr- 
ane diffusion control , ( b ) film diffusion control , and ( c ) coupled 
membrane film diffusion control , has been presented . For a gener- 
al case that involves complete membrane diffusion control the 
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total biionic potentia E for counterions of equal valance is 
given by 


RT D i a i*i 

In - 


D jS j T 


( 2 . 1 ) 


where a.\ / aj , Dj/D j , "%]_/ T j are the activity ratios of the solu- 
tions , diffusion coefficient of ions in the membrane phase , and 
the ratio of the activity coefficients of ions . The symbols R,T, Z 
and F have their usual meanings „ Equation (2.1) reduces to the 
form [ eq. (2.2) ] given by Wyllie and Kanaan (33,34): 


RT 


In 


a i«i 


ajUj 


( 2 . 2 ) 


provided Tj_=V~ and the diffusion coefficients are replaced by 
mobilities ( 33 ) . Wyllie ( 34) expressed the intramembrane mobility 
ratio as 


U-i 


U- 


ro i>i 


(2.3) 


where ti/tj is the intramembrane transference ratio and mj_ and 
Sj are the steady-state equilibrium concentration of i and j in 
the respective junction zone; ,Aj_ is the conductivity of the 
membrane when it is wholly in i form and j is the conductivity 
of the membrane when it is wholly in j form, furthermore , it was 
shown that 58 Kjj, the selectivity . This , on substitution 

into eq. (2.3), gives 
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*>i 

— = Kji (« ) (2.4) 

Uj Aj 

Thus the ratio of mobilities were related to the chemical and 
electrical properties of the membrane. 

Biionic potential measurements were also carried out by 
interposing the membrane between two different electrolyte solu- 
tions at the same concentration. The values of biionic potential 
across parchment supported mercuric, nickel sulphide membranes 
and hen egg shell membrane with various 1 : 1 electrolyte combina- 
tions at different concentration are given in Tables 2 . 1-2 . 3 and 
plotted in Figs . ( 2 . 2-2 . 4 ) . Equation (2.2) was used to calculated 
the intramembrane mobility ratio Uj/Uj. The values of Uj_/Uj thus 
calculated are given in Tables 2. 4-2. 6. An interesting point with 
regard to the value of "U^/Uj is that the mobility ratio undergoes 
considerable change with the concentration of the external solu- 
tions and this behavior was seen with each electrolyte pair. 

To gain knowledge of selectivity Kj_j from the predet- 
ermined values of "0^/0 j the ratio of electrical conductivities 
X-j/Xj, demanded by eg. (2.4) , must be known. Membrane conductance 
measurements were carried out when it was wholly in form i or fo- 
rm j . The' values of membrane conductance at various electrolyte 
concentrations are given in Tables 2 . 7-2 . 9 . These values are rel- 
atively more dependent on the concentration of the electrolytes 
within the membrane as shown in Figs. (2. 5-2. 7) , this implies that 
the membranes have a relatively high Donnan uptake of anion and a 


TABLE 2.1 


EXP RIMENTALLY OBSERVED VALUES OF BIIONIC POTENTIAL E (mV) 

o 

ACROSS MERCURIC SULPHIDE MEMBRANE AT 25+0.1 C 


Membrane 

Me rcu r i c su I ph i de 

Electrolyte pair 

KCl-NaCl KCl-LiCl NaCl-LiCl 


C o n e e n t r a t i o n ( M ) 


0 . 1 / 0 . 1 

6.5 

1.1 

6 o 8 

0.05/0.05 

7.2 

1.5 

7.5 

0.02/0.02 

8.4 

2.8 

10.1 

0.01/0.01 

10.4 

6.5 

12.1 

0.005/0.005 

11 . 5 

7.2 

17.7 

0.002/0.002 

12.0 

7.5 

18.2 

0 . 001 / 0.001 

12.2 

8.0 

18.9 


vide Fig. 2.2 


TABLE 2.2 


EXPERIMENTALLY OBSERVED VALUES OF BIIONIC POTENTIAL E (mV) ACROSS 

o 

NICKEL SULPHIDE MEMBRANE AT 25+0.1 C 


Membrane 


Nickel sulphide 






• KCl-NaCl 
O KC1 — I . i C 1 

* NaCi-LiCl 



-1 


Log C 

Plots of biionic potential E(mV)against 
log C for nickel sulphide membrane usin 
1:1 electrolyte pairs. 



TABLE 2.3 


EXPERIMENTALLY OBSERVED 

HEX EGG SHELL MEMBRANE 

VALUES OF 

o 

AT 25+0.1 

BIIONIC POTENTIAL 

C 

E (mV) ACROSS 

Membrane 


Hen. egg shell 


Electr o 1 y t e pa i r 

KCl-NaCl 

KCl-LiCl 

NaCl-LiCl 

Co nc ent r a t ion ( M ) 




0 . 1 / 0 . 1 

1.4 

~4.3 

-4.2 

0.05/0.05 

1.9 

-2.1 

-1.8 

0.02/0.02 

2.6 

-0.5 

0.5 

0.01/0.01 

3.8 

2.8 

1.0 

0.003 '0.005 

5 . 0 

6.1 

1.8 

0. 002. ; 0.002 

8.8 

9.6 

2.3 

0.001/0.001 

10.2 

12.3 

4.5 


Vide Fig . 2.4 
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TABLE 2.5 

VALUES OF THE INTRAMEMBRANE MOBILITY RATIO OF VARIOUS 1:1 ELEC- 
TROLYTE ION PAIRS ACROSS NICKEL SULPHIDE MEMBRANE. 


Membrane 


Nickel sulphide 


Elec t rol i te ion pair 

u + / u 

K Na 

+ H + / u + 

K Li 

U + / U + 
Na Li 

Concent rat run ( M ) 

0.1/0. 1 

1.11 

1.20 

1.13 

0.05/0.05 

1.14 

1.28 

1.23 

0.02/C .02 

1.20 

1.34 

1.28 

0.01/0.01 

1.24 

1.43 

1.35 

0.005 / 0 . 0 0 5 

1.30 

1.51 

1.45 

0.002 0.002 

1.35 

1.62 

1.51 





TABLE 2.7 


EXPERIMENTALLY observed values of membrane electrical conductance 

( MHO? ) ACROSS MERCURIC SULPHIDE MEMBRANE FOR MONOVALENT ELECTRO- 

O 


Membra ne 


Mercuric sulphide 


Elect ro 1 } i e 


KCl 

NaCl 

LiCl 

Cone ent ra i i.« i 

0.1/ 0.1 

j on 

-1 

0.85x10 

-1 

0.70x10 

-1 

0.65x10 

o . o : o . o 5 


-1 

0.51x10 

-1 

0 e 4 4 x 1_ 0 

-1 

0.40x10 

0.02 '0 .02 


- 2 

2.57x10 

-2 

2.30x10 

-2 

2.20x10 

0.01- ' 0 . 0 1 


2.40x10 

Am 

2.20x10 

-2 

1.80x10 

0.005 0.005 


«» 9 

1.90x10 

-2 

1.35x10 

-2 

1.20x10 

0 , 0 0 2 0 . r ■ 2 


9 

1.38x10 

_o 

£ml 

1.25x10 

-2 

1.20x10 

0.001 0.0 O’ 


~ 2 

0.92x10 

-2 

0.85x10 

-2 

0 .63x10 


Vide Fig. 2.5 


• KC1. 

° NaCl 

A LiCL 



•lots of conductancexio^ C«OS) J/s. ne 
-lop c tor mercuric suipiu-u 
with 1:1 electrolytes. 


TABLE 2.8 
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EXPERT MEN TALI. i OBSERVED VALUES OF MEMBRANE ELECTRICAL CONDUCTANCE 

{ MHOS ) 7 ROSS NICKEL SULPHIDE MEMBRANE FOR MONOVALENT ELECTRO- 

o 

LYTES AT 25*0.1 C 


Membrane 



Nickel sulphide 


Electri ilyt.e 


KCl 

NaCl 

LiCl 

Concen i rat i or 

0.10.1 

i CM) 

-1 

0.44x10 

-3. 

0.38x10 

-1 

0 . 33x10 

0.05 •0.05 


-1 

0.40x10 

-1 

0.30x10 

-1 

0 . 25x10 

0.02 '0.02 


~2 

1.50x10 

-2 

1 . 30x10 

-2 

-0.99x10 

0.01 '0.01 


-2 

1.15x10 

-2 

0 . 68x10 

-2 

0.65x10 

0.005 0.005 


0.68x10 

-2 

0.48x10 

-2 

0.38x10 

0.002 U.n 02 


0.50x10 

_2 

0.43x10 

-2 

0.40x10 

o.ooi n . n n i 


-3 

2.58x10 

-3 

2 . 50x10 

-3 

2.30x10 


Vide Fig. 2.6 


TABLE 2.8 


EXPERiMENi ALLY OBSERVED VALDES OF MEMBRANE ELECTRICAL CONDUCTANCE 

(MHOis ; .-.LriOSS NICKEL SULPHIDE MEMBRANE FOR MONOVALENT ELECTRO- 

o 

LYTES AT 25+0.1 C 


Membrane 


Nickel sulphide 


Electrolyte 

KC1 

NaCl 

LiCl 


Concentration (M) 

0. 1/0.1 

-1 

0.44x10 

-1 

0.38x10 

-1 

0.33x10 


0.05/0.05 

-1 

0.40x10 

-1 

0.30x10 

-1 

0.25x10 


0.02/0.02 

-2 

1.50x10 

-2 

1.30x10 

-2 

•0.99x10 


0.01/0.01 

-2 

1.15x10 

-2 

0.68x10 

-2 

0.65x10 


0.005/0.005 

-2 

0.68x10 

-2 

0.48x10 

-2 

0.38x10 


0.002/0.002 

-2 

0.50x10 

-2 

0.43x10 

-2 

0.40x10 


0.001/0.001 

-3 

2.58x10 

-3 

2.50x10 

-3 

2.30x10 
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TABLE 2.9 

EXPERIMENTALLY OBSERVED VALUES OF MEMBRANES ELECTRICAL CONDUCT- 
ANCE (MHOS) ACROSS HEN EGG SHELL MEMBRANE FOR MONOVALENT ELECTRO- 

o 

LYTES AT 25+0.1 C 


Membrane 


Hen egg shell 


Electrolyte 

KCl 

NaCl 

LiCl 


Concent ra t i ons ( M 5 

_1 

JL 

-1 

-1 

0. 1/0.1 

0.52x10 

0.47x10 

0.42x10 


-1 

-1 

-1 

0.05/0.05 

0.45x10 

0.39x10 

0.34x10 

-1 

-1 

-1 

0.02/0.02 

0.29x10 

0 .26x10 

0.22x10 

-1 

-1 

-1 

0.01/0.01 

0.22x10 

0 . 19x10 

0.17x10 

-2 

-2 

-2 

0.005/0.005 

1.59x10 

1 .50x10 

1.39x10 


-3 

-3 

— 3 

0.002/0.002 

2.40x10 

2.10x10 

1.30x10 


-3 

-3 

-3 

0.001/0.001 

1.50x10 

1.10x10 

1.00x10 


Vide Fig . 2 . 7 





• KC1 
o NaCl 

A LiCl 



3 3.3 

-log C 


Plots of conductanceXlO (MHOS) Vs. 
-log C for hen egg shell membrane 
with 1:1 electrolytes. 
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low selectivity constant value. The values of selectivity Kj_j ev- 
aluated from the mobilities ratio and the ratio of electrical con- 
ductivities using the data from Tables 2. 4-2.6 and 2 . 7-2. 9 are 
given in Tables 2.10-2.12. The intramembrane mobility ratio 
valises also refer to the selectivity sequence of the membranes 
for the cations: 

K + > Na + > Li + 

This order of selectivity on the basis of the Eisenman-Sherry 
model of membrane selectivity (35,36) points towards the weak 
field strength of the charge groups attached to the membrane 
matrix . This is an accordance with an earlier finding of charge 
density determinations of mercuric and nickel sulphide membranes 
and hen egg shell membrane, which have already been reported in 
previous chapter of membrne charge density. 

In a number of theoritical papers (1,17,18,20,31,35, 
37) different aspects of ion permeation in various membrane syst- 
ems have been published. From thermodynamic treatment Sandblom and 
Eisenman (185 derived 



for filled site membranes which implies that the permeability 
ratio is quite generally related to the ion exchange equilibrium 
constant Kyj and the ratio of mobilities of the critical ions, 
where K-^ j as the ion exchange equilibrium constant defined by K j y 


70 


TABLE 2.10 

VALUES OF SELECTIVITY K -<1/K ) EVALUATED FROM INTRAMEMBRANE 

ji ij 

MOBILITY RATIO AND THE RATIO OF ELECTRICAL CONDUCTIVITIES 
VARIOUS ELECTROLYTE CONCENTRATIONS FOR MERCURIC SULPB1 

MEMBRANE 


Membrane 


Mercuric sulphide 


Selectivity 

K 

NaK 


K 

LiNa 

concentration (M) 




0 . 1/0.1 

0.83 

1.00 

1.09 

0.05/0.05 

0.89 

1.05 

1.10 

0.02/0.02 

0.98 

1.30 

1.30 

0.01/0.01 

1.10 

1.58 

1.40 

0.005/0.005 

0.90 

1.26 

1.60 

0.002/0.002 

1.25 

1.90 

1.80 

0.001/0.001 

1.38 

1.65 

1 o 47 
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TABLE 2.11 

VALUES OF SELECTIVITY K -(1/K ) EVALUATED FROM INTRAMEMBRANE 

ji ij 

MOBILITY RATIO AND THE RATIO OF ELECTRICAL CONDUCTIVITIES AT 
VARIOUS CONCENTRATION FOR NICKEL SULPHIDE MEMBRANE 


Membrane 


Nickel sulphide 


Selectivity 

K 

K 

K 


NaK 

LiK 

LiNa 


Concentration (M) 


0 . 1 / 0.1 

0.97 

0.92 

1.06 

0 . 05 / 0.05 

0.87 

0.90 

1.18 

0 . 02 / 0.02 

1.04 

0.89 

0.71 

0 . 01 / 0.01 

1.15 

0.81 

0.93 

0 . 005 / 0.005 

0.93 

0.91 

1.25 

0 . 002 / 0.002 

1.16 

0.92 

0.95 

0 . 001 / 0.001 

1.33 

1.42 

1.42 
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TABLE 2.12 

VALUES OF SELECTIVITY Kjj*(l/Kij) EVALUATED FROM INTRAMEMBRANE 
MOBILITY RATIO AND THE RATIO OF ELECTRICAL CONDUCTIVITIES AT 
VARIOUS ELECTROLYTE CONCENTRATIONS FOR HEN EGG SHELL MEMBRANE 


Me mb ran e 


Hen egg shell 


Selectivi ty 

K NaK 

K LiK 

K LiNa 

Concent ration (M) 

0.1/ 0.1 

1.04 

0.55 

0.58 

0.05/0.05 

1.08 

0 • 56 

0.62 

0.02/0.02 

1.22 

0.69 

0.70 

0.01/0.01 

1.23 

0.71 

0.69 

0.005 ' 0 . 005 

1.58 

0.74 

0.72 

0.002/0.002 

2.06 

1.11 

0.97 

0.001/0.001 

2.07 

1.23 

1.03 


= 1/Kyj = a jCi /a^c j . Equation (2.5) suggests that the permeabili- 
ty ratio Py/Pj can be calculated, provided that the mobility 
ratio ISy/Uj and the ion exchange constant Kyj of a membrane for 
the ions are known. The values of permeability ratio devived in 
this way from the predetermined values of Uy/U j and Kyj for 
mercuric, nickel sulphide membranes and hen egg shell membrane 
are given in Tables 2.13-2.15. The data in Tables 2.13-2.15 show 
that the membranes are weakly selective and that the selectivity 
increases with a decrease in the concentration of the bathing 
solutions . This is in f ul 1 agreement with our earlier findings of 
membrane potential measurements with inorganic precipitate mem- 
branes ( 3 ) . 

Biionic potential [32,38] is also defined again as 
the membrane potential across a membrane which separates two ele- 
ctrolyte solutions with different concentrations , i.e. different 
mobile ions carrying the charge opposite to the fixed charge on 
the membrane . The emf (biionic potential) of the membrane using 
the cell of the type shown in the experimental part of this chap- 
ter has been related to the fixed charge concentration (0k) by t- 
he equation : 

RT /7+<0 X M A /2a) "" {0 X M A /2a) c . 

_ 1 _ ■ - C l • O ) 

&B1P - — — In 

F J 1+ ( 0xMg/2a ) ( 0xMB/2a ) 

where and @}{Mg are the concentrations of the fixed ions on 

the membrane phase® Equation (2®6) can be used to calculate 
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TABLE 2.13 


VALUES OF PERMEABILITY RATIO (P /P ) ACROSS MERCURIC SULPHIDE 

i j 

MEMBRANE FOR MONOVALENT ELECTROLYTES AT VARIOUS CONCENTRATIONS 


Membrane 


Mercuric sulphide 


Permeabi 1 ity ratio 

P + / p 

K Na 

+ ■ P + / P + 

K Li 

P + / p + 
Na Li 

Concentration (M) 

0.01/ 0.1 

0.83 

1.27 

1.32 

0.05 0.05 

0.92 

1.34 

1.40 

0.02/0.02 

1.07 

1.84 

1.98 

0.01/0 . 01 

1.33 

2.45 

2.74 

0.005 '0.005 

- 

2.92 

2.50 

0.002 /0 . 002 

1.58 

3.49 

- 

0.001/0 .001 

1.90 

- 

3.94 
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TABLE 2.14 


VALUES OF PERMEABILITY RATIO <P ,/P ) ACROSS NICKEL SULPHIDE 

i j 

MEMBRANE FOR MONOVALENT ELECTROLYTES AT VARIOUS CONCENTRATIONS 


Membrane 


Nickel sulphide 


Permeabi .1 it y ra t io 

P + / 

K 

P + P + / P + 

Na K Li 

P + / P !• 

Li Na 

Concent rat ion ( M ) 

0. 1/0.1 

1.3 

1.1 

1.1 

0.05/0.05 

1.4 

1.2 

1.2 

0.02/0.02 

1 . 5 

1.2 

1.3 

0.01/0.01 

1.7 

1.3 

1.9 

0.005/0.005 

1.8 

1.4 

2.1 

0.002/0.002 

1.8 

1.5 

2.3 

0.001/0.001 

1.9 

1.6 

2.3 
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TABLE 2.15 


VALUES OF PERMEABILITY RATIO (P /P ) ACROSS HEN EGG SHELL MEM- 

i j 

BRANE FOR MONOVALENT ELECTROLYTES AT VARIOUS CONCENTRATIONS 


Membrane 


Hen egg shell 


Permeabil iy ratio 

P + / P + 
K Na 

P + / P + 

K Li 

P 4 - / P 4 - 

L i N3. 

Concentration ( M) 

0 . 1/0.1 

1.0 

0.7 

0.7 

0.05/0.05 

1.1 

0.8 

0.8 

0.02/0.02 

1.2 

0.95 

1.0 

0.01/0.01 

1.2 

1.0 

1.0 

0.005/0.005 

1.6 

1.1 

1.1 

0.002/0.002 


1.5 

1.3 

0.001/0.001 

2.1 

1.8 

1.4 
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biionic potential across a membrane provided effective fixed 
charge density of the membrane and the concentration of external 
electrolyte solutions are known . The values of biionic potential 
thus derived using predetermined values of effective fixed charge 
density cf the membranes are given in Tables 2.16-2.18. For com- 
parison the observed, values are also given in the same tables . 
These values are closer to each other . 

It is well known that biionic potential is a measure 
of selectivity ( 39 ) of membrane for ions of the same sign . Equat- 
ion (2.7) has been found to predict similar to eg. (2.1) the va- 
lues of biionic potential reasonably well , provided Tg/t^ remains 
constant : 


RT u A a ‘A t B 

” ’ “ — 

F u B a B T A 


(2.7) 


This equation can be written as 


and 


where 


RT U A a A __ 

E = — In ——j— (if t a =t b ) 

F U B a B 


RT t A 

E = In - 3 “ 

F tg 


t A U A a A *B 

tg Ug ag t a 


( 2 . 8 ) 


(2.9) 


provided that the Donnan ratio a A / ag-a A /ag is established . 
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TABLE 2.16 

BIIONIC POTENTIAL VALUES E (mV) ( THEORITICAL AND EXPERIMENTAL - 

BIP 

LY OBSERVED) ACROSS MERCURIC SULPHIDE MEMBRANE 
Membrane Mercuric Sulphide 


Biionic Experimental Theoritical 

potential 

Electro- KCl-NaCl KCl-LiCl NaCl-LiCl KCl-NaCl KCl-LiCl NaCl-LiCl 
lyte pair 

Concentration 

(M5 


0 . 1/0.1 

6.5 

1.1 

CO 

4.2 

1.1 

6.2 

0.05/0.05 

7 . 2 

1 . 5 

7.5 

5.2 

2.4 

7.6 

0.02/0.02 

8.5 

2.8 

10.1 

10.1 

4.1 

14.2 

0.01/0.01 

10.4 

6.5 

15.5 

12.1 

5.9 

17.8 

0.005/0.005 

11.5 

7.2 

17.6 

17.7 

7.9 

21.3 

0.002/0.002 

12.0 

7.5 

18.1 

18.2 

8.4 

21.8 

0.001/0.001 

12.2 

8.0 

18.7 

18.9 

8.8 

22.0 
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TABLE 2.17 

BIIONIC POTENTIAL VALUES E (mV) ( THEORETICAL AND EXPERIMENTAL- 

BIP 

LY OBSERVED) ACROSS NICKEL SULPHIDE MEMBRANE 
Membrane Nickel Sulphide 


Biionic 

potential 

Experimental 

Theoritical 

Electro™ 

lyte pair 

KCl-NaCl KCl-LiCl NaCl-LiCl 

KCl-NaCl KCl-LiCl NaCl-LiCl 


Concentration 

(M) 


0 . 1 / 0.1 

3.0 

5.8 

5.0 

2.1 

5.1 

4.0 

0 . 05 / 0.05 

3.6 

6.1 

5.4 

2.8 

5 . 5 

4.2 

0 . 02 / 0.02 

4.8 

7.4 

6.4 

3.6 

5.8 

8.5 

0 . 01 / 0.01 

5.7 

9.3 

8.1 

5.7 

9.7 

9.5 

0 . 005 / 0.005 

6 . 9 

10.6 

9.7 

8 . 1 

10.8 

10.1 

0 . 002 / 0.002 

8.1 

12.7 

11.3 

8.8 

13.0 

11.6 

0.001 ' 0.001 

8.3 

13.0 

11.5 

9.0 

13.2 

12.0 
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TABLE 2.18 

BIIONIC POTENTIAL VALUES E (mV) (THEORITICAL AND EXPERIMENTAL 

BIP 

LY OBSERVED) ACROSS HEN EGG SHELL MEMBRANE 
Membrane Hen egg shell 

Biionic Experimental Theoretical 

potent ia 1 

Electro- KCl-NaCl KCl-LiCl NaCl-LiCl KCl-NaCl KCl-LiCl NaCl-LiCl 
lyte pair 


Concentration 

(M) 


0 . 1/0.1 

1.4 

-4 . 3 

-4.2 

1.6 

-4.4 

-4.1 

0.05/0.05 

1.9 

-2 . 1 

-1.8 

2.0 

-2.2 

-1.8 

0.02/0.02 

2.6 

-0.5 

0.5 

2.5 

-0.5 

-0.5 

0.01 /o.oi 

3.8 

2.8 

1.0 

3.8 

2.7 

1.1 

0.005/0.005 

5.0 

6.1 

1.8 

5.1 

6 . 0 

1.7 

0.002/'0 . 002 

8.8 

9.6 

2.3 

8.9 

9.7 

2.3 

0 . 001 "0 . 0 01 

10 . 2 

12.3 

4.5 

9.2 

10.1 

2 . 8 
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The biionic potential generated across nickel and mer- 
curic sulphide membranes and hen egg shell membrane were measured 
keeping the concentration of AX constant and by varying concen- 
tration of BX, and again by keeping BX constant and varying AX. 
These measurements were extended to three solution pairs , i . e . 
KCL-NaCl jKCl-LiCl and NaCl-LiCl . The biionic potentials thus mea- 
sured are given in Tables 2.19-2.21, these values are also shown 
in Figs. (2.8-2.10) as a function of log a^x/ a BX° Good straight 
lines as demanded by eq. (2.8) are obtained. The potential of in- 
tersection of the two straight lines at the same activity , i.e. 
aSiX / a Bx=lf gives the value of transport ratio using eq . ( 2 . 9 ) . The 
transport ratio thus obtained for different 1 : 1 electrolyte pairs 
for mercuric and nickel sulphide membranes and hen egg shell 
mambrane are given in Table 2.22. 

These results also point towards the order of select- 
ivity of cations transporting through the membranes is as follows. 


Na + > Li + 


TABLE 2.19 


EXPERIMENTAL VALUES OF BI IONIC POTENTIAL ACROSS MERCURIC SULPHIDE 
MEMBRANE KEEPING THE CONCENTRATION OF ONE ELECTROLYTE CONSTANT 
AND VARYING THE CONCENTRATION OF OTHER ELECTROLYTE AND VICE-VERSA 


Membrane 


Mercuric 

sulphide 



Electro- KCi - 

-XaCl NaCl-KCl 

NaCl-LiCl 

LiCl-NaCl 

KCl-LiCl 

LiCl-KCl 

lyte pair 






Concentration 






(M) 






0.1/0.05 

15.4 1.5 

10.3 

-4.9 

9.6 

-4.2 

0.1/0.01 

19.1 -10.1 

21.2 

-20.1 

18.2 

-16.1 

0.1/0.005 

25.0 -18.8 

31.4 

-31.4 

26.8 

-24.3 

0.1/0.001 

30.2 -20,4 

40.0 

-42.5 

35.7 

-33.2 


Vide Fig. 2. 8 
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TABLE 2.19 


EXPERIMENTAL VALUES OF BIIONIC POTENTIAL ACROSS MERCURIC SULPHIDE 
MEMBRANE KEEPING THE CONCENTRATION OF ONE ELECTROLYTE CONSTANT 
AND VARYING THE CONCENTRATION OF OTHER ELECTROLYTE AND VICE-VERSA 


Membrane 



Mercuric 

sulphide 



Electro- KCl- 

■NaCl 

NaCl-KCl 

NaCl-LiCl 

LiCl-NaCl 

KCl-LiCl 

LiCl-KCl 

lyte pair 







Concentration 







(M) 







0.1/0.05 

15.4 

1.5 

10.3 

-4.9 

9.6 

-4.2 

0.1/0.01 

19.1 

-10.1 

21.2 

-20.1 

18.2 

-16.1 

0.1/0.005 

25.0 

-18.8 

31.4 

-31.4 

26.8 

-24.3 

0.1/0.001 

30.2 

-20.4 

40 . 0 

-42.5 

35.7 

-33.2 


Vide Fig . 2 . 8 






TABLE 2.20 


EXPERIMENTAL VALUES OF BIIONIC POTENTIAL ACROSS NICKEL SULPHIDE 
MEMBRANE KEEPING THE CONCENTRATION OF ONE ELECTROLYTE CONSTANT 
AND VARYING THE CONCENTRATION OF OTHER AND VICE-VERSA 

Membrane Nickel sulphide 

Electro- KCl-NaCl NaCl-KCl NaCl-LiCl LiCl-NaCl KCl-LiCl LiCl-KCl 
lyte pair 


Concentration 

(M) 


0.1/0.05 

6.1 

-4.1 

14.4 

-8.2 

4 . 5 

-11.8 

0.1/0.01 

20.2 

-16.3 

27.2 

-20.1 

15.3 

-22.3 

0.1/0.005 

31.5 

-25.0 

40.1 

-33.3 

21.2 

-30.1 

0.1/0.001 

35.2 

-35.2 

52.5 

-43.3 

30.3 

-34.5 


Vide Fig .2.9 
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TABLE 2.21 


experimental values of biionic potential across hen egg shell 

MEMBRANE KEEPING THE CONCENTRATION OF ONE ELECTROLYTE CONSTANT 
AND VARYING THE CONCENTRATION OF OTHER ELECTROLYTE AND VICE-VERSA 


Membrane 


Hen 

egg shell 



E 1 e c t r o - K C 1 - N a C 1 

NaCl-KCl 

NaCl-LiCl 

LiCl-NaCl 

KCl-LiCl 

LiCl-KCl 

lyte pa i r 






Concentration 






(M) 






0.1/0.05 4.3 

-11.8 

10.1 

-13.7 

7.1 

-15.2 

0.1/0.01 23.7 

-24.7 

28.9 

-32.5 

17.2 

- 27.8 

0.1/0.005 36.2 

-33.2 

45.2 

-45.3 

28.3 

-40.1 

0.1/0.001 50.0 

-45.1 

60.0 

-56.8 

35.3 

-50.3 


Vide Fig. 2. 10 






TABLE 2.22 


VALUES OF TRANSPORT RATIO OBTAINED FOR DIFFERENT 1:1 ELECTROLYTE 
PAIRS ACROSS THE MERCURIC, NICKEL SULPHIDE MEMBRANES AND HEN EGC 

SHELL MEMBRANE 


Membranes 

tran s po r t 3 : a t i 0 

t + / t + 

K Na 

t + / t + 

K Li 

t + / t + 

Nci XjA- 

Nickel sulphide 

1.8 

1.4 

1.3 

Mercuric sulphide 

1.12 

1.08 

1.06 

Hen egg shel 1 

1.4 

1.1 

1.0 
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CHAPTER -III 


TRANSPORT MECHANISM OF 
SIMPLE METAL 
IONS THROUGH MEMBRANES 


INTRODUCTION 


Transport phenomena through membrnes in biological 
systems, as well as in many industrial processes, are important 
because of their potential use in various separation processes . 
Studies on the physicochemical aspects of membranes were started 
a few decades ago. An excellent monography by Lakshminarayanaiah 
covers progress in this field (1). 

Extensive research work has been started to study the 
complex behaviour of biological membranes by developing various 
artificial membranes such as parchment supported or cellophane 
supported inorganic precipitates, which may mimic some properties 
of biological membranes in vivo (2-11) . Moreover, transport of 
simple salts through polymers and polymeric network, charged or 
uncharged in closely related to ionic transport through the 
pores. Extensive work on the diffusion of simple salts in ion 
exchangers, either in the form of beads or membranes , and through 
weakly charged membranes , such as porous membranes containing 
inorganic precipitates, have been reported and reviewed compre- 
hensively by Helfferich (12) , Lakshminarayanaiah (1), Reichenberg 

( 13 ) and Diamond and whitney (14). 

Since membranes of biological origin are complex and 
not always easily reproducible, a number of researchers have used 
model systems for carrying out their studies of structure and 
dynamics of biomembrane systems (15-23), The findings of Teorell 
(24) that parchment supported membranes, m some formal aspects 
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a t least behave exactly like gastric mucosal membranes , and those 
of Ayalon (25) that precipitation membranes may be useful as a 
model for the study of rectification phenomena in biological 
membranes , have encouraged the authors to investigate various 
aspect of membrane phenomena by taking the parchment supported 
precipitate membrane as a model system. On account of their 
stability and ion-exchanging power , such membranes may also find 
use in many processes like preparative organic electrochemistry , 
etc. (26,27) . 

Absolute reaction rate theory has been applied to di- 
ffusion processes in membrane by several investigators (28—33) « 
Zwolinski , Eyring , and Reese ( 28 ) examined the available permeab- 
ility data for various plant and animal cel 1 s by applying rate p- 
rocess theory . Similarly Schuler, Dames and Laidler ( 29 ) conside- 
red the Kinetics of membrane permeation of nonelectrolytes thro- 
ugh col loidion membranes. Tien and Ting (7) studied water permea- 
tion through the lipid membranes and considered the permeation 
process from the stand point of rate process theory . Clough et al . 
(34) , Li and Gainer (35) , and Navari et al . (36) have applied 
absolute reaction rate theory to diffusion of solute in polymer 
solutions. They attached the importance to the influence of the 
polymer on diffusion activation energy. Kimikuza et al. (37) using 
an energy determine barrier theory have shown that diffusion coe- 
fficients of a calcium ion across the solution-membrane interface 
are proportional to the activity of the external calcium lon.Sa- 


manta et al. (38) used the obsolute reaction rate theory to eval- 
uate the energetics and the activation parameters for the moveme- 
nt of anions having potassium as comman cation partner in the 
microporous membranes . Recently , Tsimboukis and Petropoulos ( 39 ) 
determined the diffusion coefficient of alkal i metal ions through 
cellulose membranes and discussed the results in terms of a pore 
structure model, and lijiraa et al. (40) used activation analyses 
for investigating the mechanism of ion diffusion of simple salts 
through polyamide membranes. 

Siddiqi et al. (15,41) evaluated the thermodynamic p- 
arameters of parchment supported membranes based on the applicat- 
ion of irreversible thermodynamics and the theory of absolute re- 
action rate . Moreover, application of absolute reaction rate the- 
ory has a 1 so been use by Shy am et al. ( 42 ) in their ea 1 ier f ind- 
ings of transport through inorganic precipitate membranes . 

However , in some more earlier communications it has 
been demonstrated that both parchment supported and polystyrene 
inorganic precipitate membranes possess a small quantity of fixed 
charges (43-47). To do this the author used the basis ox Eisenman 
(48-505 and Sherry (515 model of membrane selectivity and, using 
membrane potential measurements, utilised various recently de- 
veloped theories based on the principles of irreversible thermo- 
dynamics . 

In this chapter conductivity at different temperatur- 
es of parchment supported mercuric and nickel sulphide membranes 
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bathed in different concentrations of alkali metal chlorides has 
been reported .Absolute reaction rate theory has also been applied 
in order to investigate the transport mechanism of simple metal 

ions through inorganic precipitate membranes . 


EXPERIMENTAL 

The parchment supported mercuric and nickel sulphide 
membranes were prepared by the method of interaction suggested by 
Shyara and co-workers 19-11,42,45-47) as described in previous 
chapters. The resulting membranes were washed thoroughly with 
deionized water to remove contamination and absorved chemicals on 
the membrane skeleton. The membranes then cut out into cercular 
disc form and sealed by an adhesive between two half cells of 0 

type forming the electrochemical cell of the type shown m 

Fig. S 3.1 5. The half cells were first filled with electrolyte 
solutions to equilibrate the membrane. The solutions were then 
replaced by purified mercury without removing the adhering sur- 
face liquid Platinum electrodes dipping into mercury were 

used to establish electrical contact. The membrane conductance 

was monitored on a Direct Reading Conductivity Meter 303 <Sys- 
tronics) at frequency of 10 3 cps. Ml measurements were carried 
out using water thermostat maintained at temperatures of 
25,30,35,40,45 and 50°C <i0.1°C>. The electrolyte solutions were 
prepared from analytical grade reagents and deionized water. 
Extensive use of the method has indicated that for reproduce 
results there should be no trapped air, particularly at the 


Conductivity Bridge 



t 


Pt . Electrode 


Membrane 


3.1 Cell for measuring the 
electrical conductance. 
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membrane mercury interface and that the -mercury used should be 
purified as it is easily oxidized . 

RESULTS AND DISCUSSION 

The specific conductance values of the parchment sup- 
ported mercuric and nickel sulphide membranes in contact with 

o 

various 1:1 electrolyte solutions in a temperature range 25-50 C 
(+0.1°C) were measured which are given in Tables 3.1-3.12. These 
specific conductance values of the membranes are also shown in t- 
he Figs. (3. 2-3. 3). The specific conductance of the membranes fi- 
rst increases almost linearly with the square root of the concen- 
tration of the bathing electrolyte solutions and attains a maxim- 
um limiting value. This behaviour was seen with all the 1:1 
electrolytes used at all temperatures. The flow of ions and water 
are generally larger in the raore open structures of the membrane 
and decrease as the membrane shrinks in more concentrated sol- 
ution. This is, in part at least, due to increased obstruction 
of the polymer matrix as diffusional pathways become more tortuou 
s and fractional pore volume decreases. On the other hand electr- 
ical conductivity should increase with increased salt uptake. 
The observed values of electrical conductivity which bear the 
good agreement with the statement as given in the Tables 3. 1-3. 11 

at respective temperatures. These two opposing effects opurat< 

0 

simultaneously at higher concentrtions as shown, in Fig 
3.9). The sequence of both the membranes conductance for alkal: 
metal ions under the same conditions (0.01M,25 C) was 


TABLE 3.1 


-1 

OBSERVED VALUES OF SPECIFIC CONDUCTANCE (MHOS Cm. > ACROSS MER 

CURIC SULPHIDE MEMBRANE FOR VARIOUS MONOVALENT ELECTROLYTES AT 

o 

25+0.1 C 


Membrane Mercuric sulphide 


Electrolyte KCl NaCl LiCl 


Concent rat ion 


(M) 

0 . 1 / 0.1 
0.05/0.05 
0 . 02 / 0.02 
0 . 01 / 0.01 
0.005/0.005 
0 . 002 / 0.002 
0 . 001 / 0.001 


-2 -2 “ 2 
8.6x10 7.0x10 6.6x10 

-2 -2 -2 

5.6x10 4.5x10 4.0x10 

-2 "2 "2 

2.6x10 2.3x10 2.2x10 

-2 “2 ~ 2 

0,4x10 2.2x10 1.8x10 

-2 "2 *2 

1.9x10 1.4x10 1.2x10 

— o -2 ”2 

1.4x10 1.3x10 1.2x10 

-2 “2 "2 

0.9x10 0.9x10 0.6x10 
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TABLE 3.2 

-1 

OBSERVED VALUES OF SPECIFIC CONDUCTANCE (MHOS Cm. ) ACROSS MER 


CURIC SULPHIDE MEMBRANE FOR VARIOUS MONOVALENT ELECTROLYTE AT 
o 

30+0.1 C 

Membrane 


Mercuric sulphide 


Electrolyte 

KCl 

NaCl 

LiCl 

Concentration 




(M) 

-2 

-2 

-2 

0.1/1 .o 

9.6x10 

-2 

7.2x10 

-2 

6.6x10 

-2 

0.05/0.05 

7.9x10 

-2 

6.2x10 

-2 

5.6x10 

-2 

0.02/0.02 

5 .8x10 

4.8x10 

-2 

3.8x10 

-2 

0.01/0.01 

3,8x10 

-2 

3 . 0x10 

-2 

2.8x10 

-2 

0.005/0.005 

2.8x10 

2.6x10 

-2 

2.0x10 

-2 

0.002/0.002 

4m 

1.8x10 

-2 

1.8x10 

-2 

1.5x10 

-2 

0.001/0.001 

1.2x10 

1.0x10 

0 . 8x10 


. .->'U 
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TABLE 3.3 

-1 

OBSERVED VALUES OF SPECIFIC CONDUCTANCE (MHOS Cm. ) ACROSS MER 

CUBIC SULPHIDE MEMBRANE FOR VARIOUS MONOVALENT ELECTROLYTES AT 

o 

35+0.1 C 


Membrane 


Mercuric sulphide 


Electrolyte 

KC1 

NaCl 

LiCl 

Concentration 




<M> 

-2 

-2 

-2 

0 . 1/0.1 

10.5x10 

-2 

8.0x10 

-2 

7.3x10 

-2 

0.05/0.05 

8.0x10 

-2 

7.1x10 

-2 

6.4x10 

-2 

0.02/0.02 

7.2x10 

-2 

5.4x10 

-2 

4.9x10 

-2 

0.01/0.01 

4 . 8x10 

-2 

3 . 4x10 

-2 

3.2x10 

-2 

0.005/0.005 

3.8x10 

-2 

2.8x10 

-2 

2.5x10 

-2 

0.002/0.002 

2 . 6x10 

-2 

1.9x10 

-2 

1.7x10 

-2 

0.001/0.001 

1.6x10 

1.2x10 

1.0x10 


TABLE 3.4 


-i 

OBSERVED VALDES OF SPECIFIC CONDUCTANCE (MHOS Cm. 5 ACROSS MER 

CURIC SULPHIDE MEMBRANE FOR VARIOUS MONOVALENT ELECTROLYTES AT 

o 

40+0.1 C 


Membrane 


Mercuric sulphide 


Electrolyte 

KCl 

NaCl 

LiCl 

Concentration 

(M) 

0 . 1/0.1 

-2 

12 . 0x10 

-2 

9.4x10 

-2 

7 . 8x10 

0.05/0.05 

-2 

10.6x10 

-2 

8.0x10 

-2 

7 . 0x10 

0.02/0.02 

-2 

8.4x10 

-2 

6.2x10 

-2 

5 . 2x10 

0.01/0.01 

-2 

5.6x10 

-2 

4.0x10 

-2 

3 . 6x10 

0.005/0.005 

-2 

4.4x10 

-2 

3.0x10 

-2 

2.8x10 

0.002/0.002 

-2 

2.8x10 

-2 

2.0x10 

-2 

2.0x10 

0 . 001 / 0.001 

-2 

1.8x10 

-2 

1.3x10 

-2 

1.2x10 
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TABLE 3.5 


-1 

OBSERVED VALUES OF SPECIFIC CONDUCTANCE (MHOS Cm. ) ACROSS MER 

CURIC SULPHIDE MEMBRANE FOR VARIOUS MONOVALENT ELECTROLYTES AT 

o 

45+0.1 C 


Membrane 


Mercuric sulphide 


Electrolyte 

KCl 

NaCl 

LiCl 


Concentration 




(M) 


~2 

-2 

-2 

0 . 1/0.1 

12.8x10 

10.4x10 

8 . 8x10 


-2 

-2 

-2 

0.05/0.05 

11.8x10 

9.6x10 

8.2x10 


-2 

-2 

-2 

0.02/0.02 

9.6x10 

7.0x10 

5.8x10 


-2 

-2 

-2 

0.01/0.01 

6.4x10 

5.4x10 

4.0x10 


-2 

-2 

-2 

0.005/0.005 

4.6x10 

4.0x10 

2.9x10 


-2 

-2 

-2 

0.002/0.002 

3 . 4x10 

2.2x10 

2.2x10 


-2 

-2 

-2 

0.001/0.001 

1.8x10 

1.2x10 

1.3x10 
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TABLE 3.6 

-1 

OBSERVED VALUES OF SPECIFIC CONDUCTANCE (MHOS Cm. ) ACROSS MER 

CURIC SULPHIDE MEMBRANE FOR VARIOUS MONOVALENT ELECTROLYTES AT 
o 

50+0.1 C 


Membrane 


Mercuric sulphide 


Electrolyte 

KCl 

NaCl 

LiCl 


Concentration 

(M) 

-2 

-2 

-2 

0 . 1/0.1 

14.0x10 

-2 

11.4x10 

“2 

9.9x10 

-2 

0.05/0.05 

13.2x10 

-2 

10.4x10 

-2 

9.0x10 

-2 

0.02/0.02 

10.8x10 

-2 

8 . 2x10 

-2 

6.5x10 

-2 

0.01/0.01 

7.0x10 

-2 

5 . 4x10 

-2 

4.2x10 

-2 

0.005/0.005 

5.2x10 

-2 

4.2x10 

-2 

3.4x10 

-2 

0.002/0.002 

3.8x10 

-2 

2.6x10 

-2 

2.6x10 

-2 

0.001/0.001 

2.2x10 

1.3x10 

1.6x10 


TABLE 3.7 


-1 

OBSERVED VALDES OF SPECIFIC CONDUCTANCE (MHOS Cm. ) ACROSS 

NICKEL SULPHIDE MEMBRANE FOR VARIOUS MONOVALENT ELECTROLYTES AT 
o 

25+0.1 C 


Membrane 


Nickel sulphide 


Electrolyte 

KCl 

NaCl 

LiCl 

Concentration 

(M) 

-2 

-2 

~2 

0 . 1/0.1 

4.5x10 

-2 

3.8x10 

-2 

3.4x10 

-2 

0.05/0.05 

4.0x10 

-2 

3.0x10 

-2 

2.8x10 

-2 

0.02/0.02 

1.5x10 

-2 

1.3x10 

-2 

1 . 5x10 

-2 

0.01/0.01 

1.2x10 

-2 

1.1x10 

-2 

0.7x10 

-2 

0.005/0.005 

0.6x10 

-2 

0 . 5x10 

-2 

0.4x10 

-2 

0.002/0.002 

0.5x10 

-2 

0.5x10 

-2 

0.3x10 

-2 

0.001/0.001 

0.2x10 

0.2x10 

0 . 2x10 


TABLE 3.8 


-1 

OBSERVED VALUES OF SPECIFIC CONDUCTANCE (MHOS Cm. 5 ACROSS 

NICKEL SULPHIDE MEMBRANE FOR VARIOUS MONOVALENT ELECTROLYTES AT 
o 

30+0.1 C 


Membrane 


Nickel sulphide 


Electrolyte 

KCl 

NaCl 

LiCl 

Concentration 

(M) 

0 . 1/0.1 

-2 

5.3x10 

-2 

4.8x10 

-2 

4 . 0x10 

0.05/0.05 

-2 

4.8x10 

-2 

4.4x10 

-2 

3.6x10 

0.02/0.02 

-2 

3.8x10 

-2 

3.2x10 

-2 

2.6x10 

0.01/0.01 

-2 

2.2x10 

-2 

2.0x10 

-2 

1.6x10 

0.005/0.005 

-2 

1.8x10 

-2 

1.8x10 

-2 

1.2x10 

0.002/0.002 

-2 

1 . 0x10 

-2 

1 . 0x10 

-2 

0.6x10 

0.001/0.001 

-2 

0.6x10 

-2 

0.7x10 

-2 

0.4x10 


TABLE 3.9 


-1 

OBSERVED VALDES OF SPECIFIC CONDUCTANCE (MHOS Cm. ) ACROSS 

NICKEL SULPHIDE MEMBRANE FOR VARIOUS MONOVALENT ELECTROLYTES AT 
o 

35+0.1 C 


Membrane 


Nickel sulphide 


Electrolyte 

KCl 

NaCl 

LiCl 


Concentration 

(M) 

0 . 1 / 0.1 
0.05/0.05 
0 . 02 / 0.02 
0 . 01 / 0.01 
0.005/0.005 
0 . 002 / 0.002 
0 . 001 / 0.001 


-2 


6.6x10 

-2 

5 . 8x10 

-2 

4 . 4x10 

-2 

3.0x10 

-2 

2.2x10 


-2 

1.3x10 

-2 

0 . 8x10 


-2 

5.8x10 

-2 

5.4x10 

-2 

4 . 2x10 

-2 

2.8x10 

-2 

2.1x10 

-2 

1.3x10 


~2 

0.9x10 


-2 

4.8x10 

-2 

4 o 4x10 

-2 

3.6x10 

-2 

2.2x10 

-2 

1.6x10 

-2 

0.9x10 

-2 

0 . 6x10 


TABLE 3.10 


-1 


OBSERVED VALDES 

NICKEL SULPHIDE 
o 

40+0.1 C 

OF SPECIFIC CONDUCTANCE (MHOS Cm. ) ACROSS 

MEMBRANE FOR VARIOUS MONOVALENT ELECTROLYTE AT 

Membrane 

Nickel sulphide 


Electrolyte 

KCl NaCl 

LiCl 

Concentration 



(M) 

-2 ~2 

-2 

0 . 1/0.1 

8.1x10 6.6x10 

-2 -2 

5.8x10 

-2 

0.05/0.05 

7.0x10 6.2x10 

-2 “2 

5.4x10 

-2 

0.02/0.02 

5.2x10 4.8x10 

-2 -2 

4 . 4x10 

-2 

0.01/0.01 

3.2x10 3.4x10 

-2 -2 

2.8x10 

-2 

0.005/0.005 

2.5x10 2.6x10 

-2 -2 

1.9x10 

-2 

0.002/0.002 

1 . 4x10 1.6x10 

-2 "2 

1.1x10 

-2 

0,001/0.001 

0.9x10 1.0x10 

0.8x10 


TABLE 3.11 


-1 

OBSERVED VALUES OF SPECIFIC CONDUCTANCE (MHOS Cm. ) ACROSS 

NICKEL SULPHIDE MEMBRANE FOR VARIOUS MONOVALENT ELECTROLYTES AT 

o 

45+0.1 C 


Membrane Nickle sulphide 


Electrolyte 

KCl 

NaCl 

LiCl 

Concentration 

(M) 

-2 

-2 

-2 

0 . 1/0.1 

9.1x10 

-2 

7.8x10 

-2 

6.8x10 

-2 

0.05/0.05 

8.0x10 

-2 

7.3x10 

-2 

6.4x10 

-2 

0.02/0.02 

6.2x10 

-2 

5.6x10 

-2 

5 . 3x10 

-2 

0.01/0.01 

3.8x10 

-2 

3.8x10 

-2 

3 . 4x10 

-2 

0.005/0.005 

2.8x10 

~2 

3.0x10 

-2 

2.3x10 

“2 

0.002/0.002 

1.6x10 

-2 

1.8x10 

-2 

1 . 4x10 

-2 

0.001/0.001 

1.0x10 

1.2x10 

1 . 0x10 
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TABLE 3.12 

-1 

OBSERVED VALUES OF SPECIFIC CONDUCTANCE (MHOS Cm. ) ACROSS 

NICKEL SULPHIDE MEMBRANE FOR VARIOUS MONOVALENT ELECTROLYTES AT 
o 

50+0.1 C 


Membrane 


Nickel sulphide 


Electrolyte 

KCl 

NaCl 

LiCl 

Concent rat ion 

(M) 

-2 

-2 

-2 

0 . 1/0.1 

9.8x10 

-2 

9.0x10 

-2 

8 . 0x10 

-2 

0.05/0.05 

9.0x10 

-2 

8 . 4x10 

-2 

7.3x10 

-2 

0.02/0.02 

7.2x10 

-2 

6.6x10 

-2 

6.2x10 

-2 

0.01/0.01 

4.7x10 

dm 

4.4x10 

-2 

4.3x10 

-2 

0.005/0.005 

3.4x10 

-2 

3.4x10 

-2 

3.0x10 

-2 

0.002/0.002 

2.0x10 

-2 

2.2x10 

-2 

1 . 8x10 

-2 

0.001/0.001 

1.2x10 

1.6x10 

1.2x10 


o NaCl 

▲ LiCl 



3.15 3.25 3.35 


( l/T ) x 10 3 

Arrhenius plot of speciric conductance 
values of mercuric sulphide membrane 
for various 1:1 electrolytes. 





50° 
45 c 
40 c 
35 1 
30' 
25 


C 

C 

C 

C 

C 

X 


0.2 


0.3 


l - 3 % 

0*3 mol cl rn )“ 

Mots of specific conductance (m -oMcm ) 

3 u a i nst square root of concentrations 
i ; o l dm'V^for KCL at different temperature: 
through mercuric sulphide membrane. 








Specific Conductance ( m _A-C 



Plots of specific conductance ( ra jJcm X ) 
against sqyare root of concentrations 
(mol do ' 3 )' 4 tor LiCl at different temperatures 
through nickel sulphide membrane. 


106 


K > Na ' > Li 

which is parallel to the mobility of alkali metal ions in aqueous 

solution . This sequence infers that the membranes are weakly 

charged ( 48-51 ) and that the ionic species at least partially 

retain their hydration shells (43). This is in full agreement 

. - 3 

with our results of charge density determinations (charge® 10 
meq/D* The selectivity of alkali metal ions in ion exchange 
resins have been discussed in detail by Reichenberg (53) . The 
above sequence seems to be determined by membrane porosity in 
re i a 1 lon to size uf the hydrated species flowing through it. 
Although the size of hydrated electrolytes is not known with 
certainty, there are a few tabulations (54-55) of the number of 
moles of water associated with some electrolytes. 

In Figs. ( 3 . 10-3 . 11 ) plots of specific conductance of di- 
fferent electrolytes (chlorides) against free energy of hydration 
( A F° ) of cation (56) are given for the membranes. It is seen 
taht specific conductance values decrease with increasing hydrat- 
ion energy , that is greater size due to increasing hydration . This 
points to the facts that electrolyte is diffusing along pores or 
channels with dimensions adequate to allow the substance to 
penetrate the membranes. The state of hydration of the penetrat- 
ing electolyte may be considered to exists in a dynamic condition 
so that, at higher temperatures, a considerably higher fraction 
of the total number of a given species would possess higher 
energy, A E per mole, this is according to the Boltzmann distribu 
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• ,p -,”Al ^ r ‘ (p js the gas constant > .Under these circumstances, 
tb<- 3 '.> ionic species which have lost sufficient water of hyaration 
to be smaller than the size of the pore, would enter the membran- 
es. In this way, the specific conductance would increase with 
increasing temperature, subject, however, to the proviso that the 
membranes have undergone no irreversible change in then Sl - m - 
iures . That no such structural change is involved is evident from 
the linear plots of observed specific conductence (ft cm )x!0" 

Vs . ( 1 T ) x 1 0 as shown in Figs . ( 3 . 2-3 . 3 ) , the si ope of which jj-V 
the activation energy as required by the Arrhenius 
equation. Tables 3.13 and 3.14 show that activation energy de- 
creases with increasing concentration of the bathing electrolyte 
solution, and for different electrolytes at a particular concen- 
tration, it follows that: 

E aK + > E aNa + > E aLi + 

Sctivat ion energies for electrolytic conduction follow the se- 
quence of crystallographic radii of the alkali metal cations, 
when penetrant moves m a polymeric substance containing rela- 
tively small amounts of water, its motion may be governed by the 
segments 1 mobility of the polymer and its diffusivity may depend 
on the probability that the segment will make a hole large enough 
to accommodate a penetrant species (57). In such a system the 
activation energy will depend on the size of the penetrant spe- 
cies; that is, the activation energy will increase with penetrant 
size. If this is the case in our system, the dependence of acti- 
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TABLE 3.13 

CALCULATED VALUES OF THERMODYNAMIC PARAMETERS, ENERGY OF ACTIVA- 
TION E , ENTHALPY OF ACTIVATION A>hT FREE ENERGY OF ACTIVATION 

a 

AF^AND ENTROPY OF ACTIVATIONS S FOR PARCHMENT SGPPORTED MERCURIC 
SULPHIDE MEMBRANE IN CONTACT WITH DIFFERENT CONCENTRATION OF 

VARIOUS 1:1 ELECTROLYTE SOLUTIONS 


Membrane 


Mercuric 

sulphide 


Elect rol y t e 





Concent ration 


Parameters 


- J 

{ mo 3. e dm 






E 

i=- 

S H ~ 

p. 

A F 

i=- 

AS r 

(KCal 

a 

-1 

mole MKCal 

-1 

mole ) ( KCal 

-1 

mole ) ( KCal 

-1 -1 
mole deg ) 

KC.1 





0.1 

3.01 

2.30 

17.21 

52.20 

0.01 

5.02 

3.02 

18.75 

53.85 

0.001 

8.50 

3.25 

19.10 

54.15 

NaC 3. 

0.1 

2.12 

1.85 

17.70 

54.21 

0.01 

3.80 

2.10 

18.30 

54.28 

0 . 0 C 1 

5. 98 

2.25 

18.58 

54.62 

LiCl 





0.1 

1.25 

0.75 

17.12 

53.80 

0.01 

1 . 51 

1.05 

17.80 

54.82 

0.001 

1.80 

2.10 

18.10 

55.46 
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TABLE 3.14 

CALCULATED VALUES OF THERMODYNAMIC PARAMETERS , ENERGY OF ACTIVA- 

rir 

T XON E , ENTHALPY OF ACTIVATION A hT FREE ENERGY OF ACTIVATION 

a 

A F^AND ENTROPY OF ACTIVATION A s' FOR PARCHMENT SUPPORTED NICKEL 
SULPHIDE MEMBRANE IN CONTACT WITH DIFFERENT CONCENTRATION OF 
VAR [OUS 1 : 1 ELECTROLYTE SOLUTIONS 


Membrane 


Nickel sulphide 


Electrolyte 


Concent rat ion 


Parameters 


-3 

(mole dm 5 



E 

A EF 

i= 

A F~ 

3= 

A S 


a 

-1 

JL. 

-1 

-1 -1 

< KCa 1 mole ) (KCal mole ) (KCal mole MKCal mole deg > 

KCl 





0.1 

2 . 98 

1.75 

15.20 

50.17 

0 . 01 

4.72 

2.15 

17.18 

51.21 

0.001 

7.95 

3.10 

18.15 

52.35 

NaCl 





0.1 

1.15 . 

1.20 

15.75 

52.13 

0.01 

2.95 

1.85 

16.20 

52.95 

0 .001 

4.10 

2.15 

17.47 

53.17 

LiCl 





0.1 

1.12 

0.45 

16.10 

51.13 

0.01 

1.35 

0.98 

16.85 

52.26 

0.001 

1.75 

1.10 

17.15 

53.66 
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vatien energy will increase with penetrant size. If this is the 
case in our system, the dependence of activation energy on the 
type of alkali metal ion may be interpreted in terms of the ion's 

crystallographic radius* 

Using the work of Eyring (28,58), we have : 

a -id Fb'RT dS/R n i ) 

A = RT/Nh e e l j . i / 

where A is the membrane conductance, h is the plank constant, R 

is the gas constant , N is the Avagadro number and a is the obso 

lute temperature. A F is the free enrgy of activation for the 

diffusion of ions, and is related to the heat , A H , and entropy 

of activation, AS , by the Gibbs-Helmholtz equation: 


fr dz zk 

A F = AH - TAS 


is related to Arrhenius energy of activation E a by 


E a 


RT 


(3.2) 


(3.3) 


A plot of log A Nh/RT versus ( 1/T ) x 10" ( Figs . 3 . l2 ana 

3.13) from experimental data gives a straight line, the slope and 
the intercept of which gives the value for All/R and AS/R as dema- 
nded by eg . (3.1). This linearity justifies the applicability of 

eq. (3,1) to the system under investigation. The derived Va * ut - S 
of AH* and Astvere then used to get the values ofAF and E a using 
eqs. (3,2) and (3.3). The values of various thermodynamic activa- 
tion parameters E a , AH* AF # and AS*’ derived in this way for the 
diffusion of various electrolytes in the membranes a_c 9-*-^ en 
Tables 3.13 and 3.14. The results indicate that the electrolyte 
permeation gives rise to negative values of AS . According to 


ANh/Rl 






Ill 


Eyring and co-workers (28,58), the values of 4 S indicate that 
mechanism cf flow; the large positive/! S’ is interpreted as re- 
flecting bonds breaking, white low values indicate that permea- 
ticn has taken place without bonds breaking. Negative A S values 
are considered to indicate either formation of a covalent bond 
between the permeation species and the membrane material, or that 
the permeation through the membrane may not be the rate determin- 


ing step (28). 


On the other hand, Barrer (30,59,60) has developed the 
concept of "zone activation" and applied it to the permeation of 
gases through polymer membranes. According to this zone acciva- 
ion hypothesis, a high A value , which has been correlated with 
high energy of activation for diffusion, means either the exisr- 
ance of a large zone of activation or the reversible loosening of 
more chain segments of the membranes. A value for AS , then, 

means either a small zone of activation or no loosening of the 
merabrne structure upon permeations. In view of these differences 
in the interpretation ofAS^, Schuler et al . (29), who found 

negative values of 4 S* for sugar permeation through collodion 
membrane, have stated that "it would probabaly be correct to 


interpret the small negaative values of A S^mechanically as inter- 
stitial permeation of the membrane (minimum chain loosening) with 
partial immobilization in the membrane (small zone or disorder ) 

On the other hand, Tien and Ting (7) who found negativeAS values 


for the permeation of water through very thin (50 A 


thickness ) 


bi layer membrane , stressed the possibility that the solution- 
membrane interface and not the membrane may be the rate deterrain- 
j no step for permeation . Negative A S ^"values may then be ascribed 
to the partial immobilization of ions and their interaction with 
the membranes fixed charge groups. 

Contrary to this we have (61): 

A = A e “ E a /RT (3.4) 

o 

A 0 = 2.72 ( KTd 2 / h ) * S ^ /R (3.5) 

Where K is the Boltzmann constant and d is the interionic jump 
distance, i.e. the distance between the equilibrium positions of 
diffusing species in the membranes. Equation (3.4) predicts chat 
a plot of logA versus 1 / T will give a straight line and E a may 
be obtained. Substituting the value of parameters AS and E a xn 
eqs . (3.45 and (3.5) we obtain a value of interionic distance ot 

about 1.5 A° . This value of d is not unusual in these systems. 
Various investigators (6,7,28,29,43,55,56,61) have used values of 

Q 

d ranging from 1 to 5 A « 

The results of all these investigations are that memb- 
rane conductance can be determined at different temperatures wicn 
reasonable accuracy. The membranes are weakly charged and ionic 
species retain their hydration shell at least partially while 
diffusing through the membrane pores. Negative A S^values suggest 
that the partial immobilization of ions takes place, due to most 
probably to interstitial permeation and ionic interaction with 
fixed charge groups on the membrane skeleton. The interionic 
distance for the system was 1.5 A . 


jump 
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Transport phenomena occuring across parchment suppor- 
ted membranes have been thoroughly investigated by taking into 
account the following aspects, namely ( i) ionic transfer, <ii) 
membrane potential , (iii) electrical conductivity, < iv) ionic 
distribution equilibria and (v) spatial distribution of ions and 

the potential within the membrane. 

Many of the processes occuring in nature involve mem- 
brane transport. Some of the functions perform by such membranes 
appear to be unique, as well as efficient, and it could be possible 
to make synthetic membrane having similar properties . Furthermore, 
in this thesis an attention has been drawn to represent that 
knowledge of synthetic membranes are extended to better under- 
stand the changes which occur in biological ones. Also of inter- 
est is the examination of the extent to which electroanalytical 
methods may be applied to questions concerning the ph}sica± 

chemistry of ion transport across membranes. 

Synthetic and biological membranes are studied simul- 
taneous using the recently developed theories. Biological membr- 
anes with the exception of cell membranes, are thinsheets of tis- 
sue that cover various organs of body and plants of the hundreds 
of biological membranes, one of the more familiar is the mucous 
membrane. The mucous membrane functions as a barrier to keep toxi- 
c components contracting one side of the membrane from tissue on 
the other side but allows transport of species essential for the 
tissue. Synthetic membranes are sub classified by composition. 
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function, structure and form. Composition refers to the material 
used to make the membrane i .e . , organic or inorganic polymer. 
Functional classification of membranes includes gas separation, 
water desalination, dialysis etc. Form denotes whether the mem- 
brane is a film hollow fiber, tube, or coating. 

The work done using mercuric and nickel sulphide par- 
chment supported membranes and hen egg shell biological membrane 
has been devided into following three chapters. It is based on a 
more general approach to membrane transport, extended using the 
nonequilibrium thermodynamics . 

Chapter I, deals with the characterization and evalu- 
ation of effective fixed charge density of mercuric, nickel sulp 
hide parchment supported membranes and hen egg shell biological 
membrane from membrane potential measurements using various 1:1 
electrolyte at different concentrations. The parchment supported 
membranes were prepared by the method of interaction adopted by 
syhara et al. Hen egg shell membrane was separated from freshly 
laid down hen egg. The foil owing methods for the evaluation of 
charge densities were utilized (i) Teorell-Meyer-Sievers method, 
(ii) the method developed by Kobatake and co-workers and (iii) 
the method of Magasawa et al. based on the principle of nonequil- 
ibrium thermodynamics. 

The values of membrane potential measured across mer- 
curic and nickel sulphide membranes with the use of chlorides of 
potassium. Sodium and Lithium were all positive at lower concent- 
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rat ions, when the membranes were used to separate electrolytes ( d- 
ilute solutions side taken as positive). However, at higher conc- 
entration of sodium and lithium chlorides respectively, membrane 
potential observed were negative. This means that membranes were 
a little bit anion selective at very higher electrolyte concen- 
tration. Moreover, the membrane potential values increase across 
the mercuric and nickel sulphide membranes with the dilution of 
electrolyte solutions. The membrane potential values observed 
across hen egg shell membrane using various 1:1 electrolyte 
solutions were negative at all concentration which confirms the 
anion selectivity of the membrane. 

For the evaluation of effective fixed charge density, 
Teorel 1 -Meyer and Sievers { TMS ) derived a theoritical equation for 
membrane potential when a charged membrane separates different 
concentrations of an electrolyte by considering a diffusion 
potential within the membrane and two inter facial potentials at 
the membrane solution interfaces. The membrane potential equation, 
thus derived has been generally accepted and widely used ior t-he 
evaluation of effective fixed charge density and mobit ity i at io 
of the ions within the membranes by the plotting method. The 
method gave quite satisfactory results . 

Kobatake , Noriaki and others derived an equation for 
membrane potential on the fixed charge concept by utilizing a nu- 
mber of basic assumptions. The two limiting forms of the equation 
were derived and used for the evaluation of fixed chaige density 


of the membranes.lt was interesting to note that, the theontical 
predictions were borne out quite satisfactorily by our experimen- 
ta ]_ results with all the three membranes used in the investiga- 

t i o 11 s o 

Another equation for membrane potential derived by 
Kobatake and Kamo, similar to the TMS equation was used for the 
evaluation of thermodynamical ly effective fixed charge density of 
the membranes. This method involves the use of apparent transfer- 

ence number of colons of the membrane® 

On the other hand Tasaka, Nagasawa and co-workers de- 
rived another equation for membrane potential when a charged mem- 
brane separates two solutions of an electrolyte based on the pri- 
nciples of the irreversible thermodynamics. At sufficiently high 
electrolyte concentrations the equation reduces to a suitable 
form, which was used for the evaluation of effective fixed charge 

density of the membrane by the plotting method. 

The values of effective fixed charge densities evalu- 
ated from different methods were identical .The values were low in 

confirraity with our results of diffusion rate studies. 

Chapter II of the thesis describes the determination of 
the selectivity of the membranes for ions of electrolyte. Bixonic 
potentials anisine, across parchment supported mercuric and nicke) 
sulphide membrnes and hen egg shell membrane using various combi- 
nations of 1=1 electrolyte at different concentrations were 

n . *9 * i 4- 4 T 73 1 noa Ia7 P 1 T £* C 3. JL C 11 1 ct 1 0 Ct 


measured * Intramembrane 


mobility ratio values were 
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using the biionic potentials. The conductivity values of 
membranes with each single electrolyte were also determined 
experimentally in order to evaluate selectivity of the membranes 
using the predetermined values of the intramembrane mobility 
ratio. The equation for intramembrane mobility ratio and selec- 
tivity constant were derived by Wyllie, Sandblom and Eisenman 

c 

from the mascroscopic laws of irreversible thermodynamis to 

A 

calculate various membrane parameters . The selectivity sequence 

+ + + 

of the membrnes were found as K > Na > Li , which on the basis of 
the Eisenman -sherry model of membrane selectivity points towards 
the weak field strength of the charge groups attached to the mem- 
brane matrix . Theoritical membrane biionic potential values were 
also evaluated using the equation derived by Ilani and Wilson . 
This equation is in terms of fixed charge density along with 
other factors. The BIP values thus evaluated were similar to the 
practical ly observed values of biionic potential , values which 
conformed the validity of the membrane parameters . Moreover , 
biionic potential values of the membranes were also observed by 
varying the concentration of the electrolyte BX while keeping the 
concentration of electrolyte AX constant. Plotting these poten- 
tials against the activity ratio values of electrolytes, the order 

+ + + 

of membrane selectivity was found as K > Na > Li . 

Capter III of the thesis covers transport mechanism of 
simple metal ions through the membranes . The linear phenomenolog- 
ical is a powerful tool to characterize membrane transport 
processes on the basis of the nonequilibrium thermodynamics . The 
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conductivity at different temperatures of parchment supported 
mercuric and nickel sulphide membranes bathed in different con- 
centrations of alkali metal chlorides have been reported and 
using the absolute reaction rate theory transport mechanism of 
simple metal ions through the membranes has been studied. 

Experimentally observed specific conductance values of 
the membranes increase linearly with concentrations up to a limi- 
ting value at all temperatures .The flow of ions and water through 
the membranes depends on dif f usional path ways and fractional po- 
re volumes. The order of conductance values for both the membranes 
were found as K r > Na' r > Li ' .On the other hand, values of specific 
conductance of different electrolyte (chlorides) against free 
energy of hydration of cations decrease with increasing hydration 
energy, that is greater size due to increasing hydration. In 
fact, it indicates that electrolyte is diffusing along pores with 
dimensions adequate to allow the substance to penetuate the 
membrane. The values of activation energy as required by Arrheni- 
us equation have also been evaluated using the linear plots of 
observed specific conductances against 1/T. These values decrease 
with increasing concentration of the bathing electrolyte solution 
and follows the order as: 


E aK 


Ea? 


■aNa 


E aLi 


This order of activation energy represents the crystallographic 


radii of the alkali metal cations. AF is the free energy of 
for the diffusion of ions, is related to the neat A a 


* 


activation 


Hfc: . 

and entropy of activation A S by the Gibbs-Helralioltz eqvation 

d= i= 4=- 

A F = A H - T A S 

A is related to Arrhenius energy of activation E a by 

#■ 

E a = AH + RT 

In this way, the values of various thermodynamic para- 
meters that is, activation energy E a , A nf AF^andA were derived 
similarly for the diffusion of various electrolytes in the raembr- 
anes. The large positive value of A S is reflecting bonds breaking 
while low values indicate that permeation has taken place without 
bonds breaking. Negative AS' values connect covalent bond formati- 
on, between the permeation species and the membrane material. 

The results of all these investigations characterize, 
that the membranes are weakly . charged and ionic species retain 
their hydration shell at least partially while uxiiusing tnrougn 
the membrane pores. The negative A if values suggest that the part- 
ial immobilization of ions takes place, due to most probably to 
interstitial permeation and ionic interaction with fixed charge 


groups on 


the membrane skeleton. 
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Bi-ionic and multi-ionic potential across parchment 
supported mercuric sulphide membrane with various 
combinations of 1 : 1 electrolytes at different concentr- 
ations have been measured. Membrane conductivity in 
contact with a single electrolyte has been experimentally 
determined to evaluate the se'ectivity of the membrane 
with the predetermined values of tire intra-membrane 
mobility ratio. The selectivity sequence of the membrane 
has been found as K. + > Na + > Li + which on the basis of 
tire Eisenman-Sherry model of membrane selectivity, 
points towards the weak field strength of the charge 
groups attached to the membrane matrix. 

Effective fixed charge density of parchment sup- 
ported membranes 1 ' 7 and duck and hen egg she 
membranes 8 has already been demonstrated using 
Eisenman-Sherry model 9 '. 10 of membrane selectivity 
and the theories of membrane potential based on 
non-equilibrium thermodynamics. In this paper bi- 
ionic potential measurements across a parchment 
supported mercuric sulphide membrane have been 
carried out for the evaluation of membrane selectiv- 
ity of ions. Membrane conductance in contact with 
various 1 : 1 electrolytes has also been experimen- 
tally determined to substantiate our findings. 

Experimental 

The membrane was prepared by the metnod of 
interaction described in part XI of this series*. 1 he 
bi-ionic and multi-ionic potentials were measured 
by constructing an electro-chemical cell of the to- 
lowing type with a pye precision vernier poten- 
tiometer; 

: 1 , ' 1 

* Saturated | electrolyte 1 

Hg-lIg,CL ‘ KCl-agar • solution AX ( Membrane, 


Aqueous solutions of sodium, potassium and lith- 
ium clilorides (BDH, AR grade) were used on the 
two sides of the membrane and were vigorously 
stirred with a pair of electrically operated magnetic 
stirrers to remove completely or at least to minimize 
die effect of the film controlled diffusion 11 . 

Electrical conductivity of the membrane was de- 
termined by setting up a cell of the type shown m 
Fig. 1 with a conductivity bridge (Cambridge Instru- 
ment, England). All measurements were carried out 
at 25 ± 0.i°C. The error in measurement of mem- 
brane potential was whhin ± 1% whereas electrical 
conductivity could be measured to better than 
99.5% accuracy. 


Results and discussion 

When an ion exchange membrane of different 
concentrations is interposed between two solutions 
of an electrolyte the mobile species penetrate the 
membrane and various transport phenomena are in- 
troduced into the system 12 . If the membrane is used 
to separate the solutions of the type AX and BX (or 
AX and AY) electrolytes the steady potential deve- 
loped is called bi-ionic 13 which is a measure of the se- 
lectivity of the membrane for ions ol the same sign. 
Bi-ionic potential has been considered by Helffer- 
ich 14 , according to the concepts of the TMS theo- 
ry 15 - 16 as being the algebraic sum of two mterfacial 
potentials and an internal diffusion potential. For a 
general case the total bi-ionic potential E for coun- 
terions of equal valencies by Wyllie and Kanaan is 
given by Eq. (1) 

F a,U, 

where a/a: and U/Uj are the activity ratio of the 
solutions and mobility ratio of the ions in the mem- 

Conductivity 


's or(AX + BX)i 


electrolyte i Saturated 



solution BX 
or { AX + BX j i 


KCl-agar i Hg 2 Cl 2 -Hg 


Fig. 1 —Experimental cell 
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Franc phase respectively. WyIlic IK expressed the in- 
tramembranc mobility ratio as: 

Y._ ni,I~ 

0 J i, a’ 1 , 4 •• (2) 


where Ij/fj is the intramembrane transference ratio 
and rh ; and rhj are the steady state equilibrium con- 
centration of i and j in the respective zone; A; is the 
conductivity of the membrane when it is wholly in i 
form and Aj is the conductivity of the membrane 
when it is wholly in j form. Furthermore, it was 
shown that m/ihj « K, is the selectivity. This, on 
substitution into Eq. (2) gives 


Ut 

U, 


= Kii 



0) 


(Fig. 3) were relatively more dependent on the con- 
centration of the electrolytes which implies that the 
membrane has a relatively high Domain uptake of 
anion and a low selectivity constant values. The va- 
lues of selectivity K- evaluated using the values of 
electrical conductivity and the intramembrane mo- 
bility ratio from Table 1 are given in Table 2. The in- 
tramembranc mobility ratio values also refer to the 
selectivity sequence of the membrane for the cations 
K + > Na + > Li + . This order of selectivity on the ba- 
sis of the Eisemnan-Sherry model of membrane se- 
lectivity 4 * 10 points towards the weak field strength of 
the charge groups attached to the membrane matrix. 
Further, it is well known that the bi-ionic potential is 
a measure of selectivity 19 of a membrane for ions of 
the same sign. Equation (4) has been found to pre- 
dict the values of bi-ionic potential reasonably well 


Thus, the ratios of mobilities were related to the 
chemical and electrical properties of the membrane. 

Bi-ionic potential measurements were also carri- 
ed out by interposing the membrane between two 
different electrolyte solutions at the same concen- 
tration. The values of bi-ionic potential across 
parchment supported mercuric sulphide membrane 
with various 1 : 1 electrolyte combinations at differ- 
ent concentrations areshown in Fig. 2. The values 
of intramobility ratio U/Uj calculated using Eq. (1) 
are given in Table l._An interestng point with regard 
to the value of U/Uj is that the mobility ratio un- 
dergoes considerable change with the concentration 
of the each electrolyte pair. 

To gain knowledge of_selectivity from the pre- 
determined values of U/Uj the ratio of electrical 
conductivities Tj IJ, demanded by Eq. (3), must be 
known. Membrane conductance measurements 
were carried out when it was wholly in form i or 
from j. The values of membrane conductance 


Table 1 — Values of the intramembrane mobility ratios of 
various 1 : 1 electrolyte ions pairs 

Membrane Mercuric sulphide 


Electrolyte ion pair 

Concentration (M) 

V /D Na* 

V /0 LT 

°Na* /0 

O.f/0.1 

1.01 

1.32 

1.17 

0.05/0.05 

1.04 

1.34 

1.22 

0.02/0.02 

1.10 

1.53 

1.42 

0.01/0.0! 

1.21 

1.74 

1.75 

0.005/0.005 

1.27 

1.99 

1.83 

0.002/0.002 

1.38 

2.21 

1.94 

0.001/0.001 

1.52 

2.39 

1.97 



Fig. 2— Plots of bi-ionic potential E HIP (mV) versus log C across 


mercuric sulphide membrane with I : 1 electrolytes 



Fig. 3— Plots of conductance x 10 2 (MHOS) versus log C for 
mercuric sulphide membrane with 1 : 1 electrolytes 
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Table 2— Values of the selectivity K,, ( 1/K i( ) evaluated from the intramembrane mobility ratio and the 
ratio of electrical conductivities at various electrolyte concentrations 

Membrane Mercuric sulphide 


Concentrations (M) 

0.1/0.1 

0.005/0.05 

0.02/0.02 

0.01/0.01 

0.005/0.005 

0.002/0.002 

0.001/0.001 

Selectivity 

K n ,k 

0.83 

0.89 

0.98 

1.10 

0.90 

1.25 

1.38 

Kuk 

1.00 

1.05 

1.30 

1.58 

1.26 

1.90 

1.65 

^LiNa 

1.09 

1.10 

1.30 

1.40 

1.60 

1.80 

1.47 


provided y B /y A remains constant. 


RT U A a A y B 

F-mp - “ > n n „ - 
b bJ B a B y A 

... (4) 

Equation (4) can be written as 


e B ip - ~r* fn n n (*fPA-y B ) 

P U B a B 

... (5) 

RT, I A 
and E B ip = — in — 

F t B 

... (6) 

f A n A n a Pb 

where 

t B U B a B 7 a 



provided that the Dorman relation a A /a B = a A /at' 
is established. 

The bi-ionic potentials generated across mercuric 
sulphide membrane were also measured by keeping 
the concentration of AX constnat and by varying 
the concentration of BX, and again by keeping [BX] 
constant and varying [AX]. These measurements 
were extended to three solutions, i.e. KCl-NaCl, 
KCl-LiCl and NaCl-LiCl. The bi-ionic potential va- 
lues thus masured were plotted in Fig. (4) as a func- 
tion of log a AX / a BX . Good linear plots as demanded 
by Eq. (5) were obtained. The point of intersection 
of the two linear plots at the same activity, i.e., a AX / 
a BX = 1, gives the value of the transport ratio using 
Eq. (6). The transport ratio thus obtained for differ- 
ent 1 : 1 electrolyte pairs are 

t K ./W = 1.12, f K *Air = 1 - 08 , W/lu* = 1 - 06 . 

These results also point towards the order of se- 
lectivity of cations transporting through the mem- 
brane as : K * > Na + > Li + . 
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ABSTRACT 

It has been known for a long time that porous membranes 
impregnated with inorganic precipitates , separating solutions of 
an electrolyte at two different concentrations , record potential 
differences which are different from the normal liquid junction 
potentials . Biionic and mul tiionic potentials across parchment 
supported mercuric sulphide membrane with various comuinations of 
1:1 electrolytes at different concentrations were measured . 
Membrane conductivity in contact with a single electrolyte was 
experimentally determined to evaluate the selectivity of the 
membrane with the predetermined values of the intramembrane 
mobility ratio. The selectivity sequence of the membrane was 
K >Na >Li which on the basis of the Eisenman-Sher ry model of 
membrane selectivity, points towards the weak field strength of 

attached to the membrane matrix. Biionic 


the charge groups 


potential theory was tested using the predetermined values of 
membrane charge density 'and aforesaid selectivity sequence was 
also confirmed. 
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ABSTRACT 

It has been known for a long time that porous membranes 
impregnated wit inorganic precipitates , separating solutions of 
an electrolyte at two different concentrations , record potential 
differences which are different from the normal 1 iquid junction 
potentials , Transport phenomena in membranes have attracted the 
attention of chemists , biochemists , biophysicists , 

pharmacologists , physiologist and Industrial Engineers etc . 
Memb -ane potential measurements across parchment supported 
mercuric sulphide membrane in contact with various ltl 
electrolytes have been carried out in order to evaluate the 


thermodynamically effective fixed charge density by most recent 
method of Nagasewa et al. The theoritycal equations based on non 
equilibrium thermodynamics for membrane potential and bi-ionic 
potential derived by ToyoShiroa and Nozaki have also been applied 
and tested with mercuric sulphide membrane. It was found that the 
theoritical ly calculated bi-ionic potentials agree well with the 


expe 


r imental ly observed values. 
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